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Eastern District of Virginia in case no 3:Q6-GV-400, Judge Robert E. Payne. 



DECIDED: May 18, 2009 



Before RADER, PLAGER. and BRYSON, Circuit Judges. MICHEL, Chief Judge, and 
RADER, BRYSON, GAJARSA, LINN, DYK, PROST, and MOORE, Circuit Judges , have 
joined Section III.A.2 of the opinion. Dissenting opinion as to Section III.A.2 filed by 
NEWMAN, Circuit Judge, in which MAYER and LOURIE, Circuit Judges, join. 
Dissenting opinion filed by LOURIE, Circuit Judge . SCHALL, Circuit Judge, did not 
participate as a member of the en banc court. 
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RADER, Circuit Judge . 

In this case, the same patent U.S. Patent No. 4,935,507 (the '507 patent), 
occasions litigation in both the United States District Court for the Eastern District of 
Virginia and the United States District Court for the Northern District of Illinois. The 
Virginia District Court granted the motion of Lupin Ltd. and Lupin Pharmaceuticals Inc. 
(collectively Lupin) for summary judgment of noninfringement. In the other case, the 
Illinois District Court denied a preliminary injunction to Abbott Laboratories, the 
exclusive licensee of the '507 patent, based on the claim construction from the Eastern 
District of Virginia. 

Because the Eastern District of Virginia correctly construed the claims of the '507 
patent and correctly discerned no genuine issues of material fact on literal infringement 
of claims 2-5 or infringement by equivalents of claims 1-5, this court affirms its partial 
summary judgment of noninfringement Likewise, this court affirms the Northern District 
of Illinois' denial of Abbott's motion for a preliminary injunction, based in large part on 
the same correct claim construction. 

I. 

Abbott Laboratories, the exclusive licensee of the '507 patent, markets crystalline 
cefdinir according to the '507 patent under the trade name Omnicef. The Virginia case 
arose when Lupin sought a declaratory judgment of noninfringement against Abbott 
Laboratories and Asteilas Pharma Inc., the owner of the '507 patent (collectively 
Abbott). The Food and Drug Administration had previously approved Lupin's 
Abbreviated New Drug Application (ANDA) to market a generic version of Omnicef. 
Lupin's generic product contains almost exclusively the Crystal B form of crystalline 
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cefdinir (cefdinir monohydrate), whereas Abbott's Omnicef product contains the Crystal 
A form of crystalline cefdinir (cefdinir anhydrate). Further, Lupin makes its products with 
processes other than those claimed in the '507 patent. For these reasons, Lupin 
brought the Virginia action to clarify that its proposed product would not infringe a valid 
patent. Abbott counterclaimed for infringement. The Eastern District of Virginia 
construed the claims, Lupin Ltd. v. Abbott Laboratories , 484 F. Supp. 2d 448 (E.D. Va. 
2007) ( Lupin CC Order ), and ultimately granted-in-part Lupin's motion for summary 
judgment of noninfringement, as to both literal and equivalent infringement for claims 2- 
5 and as to equivalent infringement for claim 1, Lupin Ltd . v. Abbott Labs., 491 F. Supp. 
2d 563 (E.D. Va. 2007) (Lupin SJ Order). The parties stipulated to the dismissal without 
prejudice of the remaining claims (invalidity) and counterclaims (literal infringement of 
claim 1). 

In the Illinois action, Abbott sued Sandoz, Inc. and Sandoz GmbH (collectively 
Sandoz), Teva Pharmaceuticals USA, Inc. and Teva Pharmaceuticals Industries, Ltd. 
(collectively Teva), Ranbaxy Laboratories, Ltd., Ranbaxy, Inc., Par Pharmaceutical 
Companies, Inc., and Par Pharmaceutical (all defendants, collectively, Sandoz and 
Teva) for infringement of the '507 patent. Like Lupin, Sandoz and Teva had previously 
filed ANDAs, seeking to market generic versions of Omnicef. Abbott sought a 
preliminary injunction in the Illinois case. For purposes of that motion, the parties 
agreed to adopt the Eastern District of Virginia's ciaim construction from the Lupin case. 
Abbott Labs, v. Sandoz, Inc., 486 F. Supp. 2d 767 (N.D. III. 2007) (Sandoz PI Order). 
Despite this agreement, the parties to the Sandoz case disagreed as to how to interpret 
some of the Eastern District of Virginia's constructions, necessitating some clarification 



2007-1400, -1446 



4 



by the Northern District of Illinois. 486 F. Supp. 2d at 770-71 (disputing "Crystal A," 
"peaks," and "about," and seeking construction of "powder X-ray diffraction pattern," 
which the Eastern District of Virginia had not defined). Ultimately, the Northern District 
of Illinois, based on the claim construction from Virginia, denied the preliminary 
injunction. 

Both cases arrived at this court on appeal. This court heard the cases together 
and decides them together with this decision. 

II. 

The '507 patent has five claims, all of which Abbott asserts against Lupin as well 

as Sandoz and Teva. Claim 1 claims crystalline cefdinir, using its chemical name, and 

defining its unique characteristics with powder X-ray diffraction (PXRD) angle peaks: 

1 . Crystalline 7-[2-(2-aminothiazol-4-yl)-2-hydroxyiminoacetamido]-3- 
vinyl-3-cephem ,-4-carboxySic acid (syn isomer) which shows the peaks at 
the diffraction angles shown in the following table in its powder X-ray 
diffraction pattern: 



diffraction angie (°) 
about 14.7° 
about 17.8° 
about 21.5° 
about 22.0° 
about 23.4° 
about 24.5° 
about 28.1° 



'507 patent, col. 16 11.13-27. In contrast, claims 2-5 claim crystalline cefdinir, without any 

PXRD peak limitations, but with descriptions of processes used to obtain the crystalline 

cefdinir. Claims 2 and 5 are independent: 

2. Crystalline 7-[2-{2-am!noth!azol-4-y!)-2-hydroxyiminoacetamido]-3- 
vinyl~3-cephem-4~carboxylic acid (syn isomer) which is obtainable by 
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acidifying a solution containing 7-[2-(2-arninothiazol-4-yl)~2- 
hydroxyiminoacetamido]-3-vinyi-3-cephem-4-carboxylic acid (syn isomer) 
at room temperature or under warming. 

5. Crystalline 7-[2"(2-am!nothiazo!-4-y!)-2-hydroxyiminoacetamido]-3- 
vinyl-3-cephem-4~carboxync acid (syn isomer) which is obtainable by 
dissolving 7-[2-(2-aminothiazol-4-yl)-2-hydroxyiminoacetamido]-3vinyl-3- 
cephem-4-carboxylic acid (syn isomer) in an alcohol, continuing to stir the 
solution slowly under warming, then cooling the solution to room 
temperature and allowing the solution to stand. 

]d at col. 16 11.29-34, 43-50. 

These claims use PXRD as a way to claim the structure and characteristics of 
the unique crystalline form. PXRD is a method for identifying and distinguishing 
different crystalline compounds. The method beams X-rays toward a powdered 
chemical. The method then measures the ways the rays reflect or bend upon contact 
with the chemical. The diffraction angles and intensities vary with the type and purity of 
the test compound. A graph then plots the diffraction angle on one axis and the 
intensity on another. These graphs yield a unique "fingerprint" for each crystalline form 
of a chemical. A more sensitive form of X-ray diffraction is single crystal X-ray 
diffraction (SCXRD). As this name suggests, this method uses only a single crystal as a 
sample. SCXRD does not detect intensity, but produces a more precise diffraction 
angle measurement. 

The '507 patent was not the first cefdinir patent. Rather, Astellas' prior art U.S. 
Patent No. 4,559,334 {the '334 patent) describes the discovery of cefdinir as a 
compound demonstrating high antimicrobial activity. '334 patent, col. 11 11.18-24. The 
'334 patent expired on May 6, 2007. 

The '507 patent claims priority to Japanese Patent Application No. 82-208199 
(the JP '199 application), which claimed two crystalline forms of cefdinir, "Crystal A" and 
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"Crystal B." The JP '199 application ciaimed Crystals A and B very specifically, defining 
Crystal A by three infrared (IR)-absorption wavelengths and sixteen PXRD angles and 
intensities. In contrast, Crystal B featured five IR-absorption wavelengths and twenty- 
one PXRD angles/intensities. 

Despite using the JP '199 application for priority, the '507 patent's specification 
differs significantly. Specifically, Abbott (actually Fujisawa Pharmaceutical Co., Ltd., 
Astellas' predecessor in interest) jettisoned the Crystal B disclosure found in the JP '199 
application and crafted broader claims in its prosecution of the '507 patent. Because 
the JP '199 applications defines Crystal A and Crystal B physiochemically rather than 
structurally, the forms actually represent subgenuses of crystalline cefdinir. Thus 
Crystals A and B comprise crystalline forms of varying structures, which in the context 
of this case means varying levels of hydration. 

The Eastern District of Virginia construed the claim terms "crystalline," "shows," 
"peaks," and "about" as follows: 

1) "crystalline" means "Crystal A as outlined in the specification"; 

2) "shows" requires the display of a powder X-ray diffraction pattern which 
demonstrates the existence of the relevant peaks to a scientifically 
acceptable degree of certainty either visually or by other appropriate 
means of data display; 

3) "peaks" is the plural of "peak;" a "peak exists at a powder X-ray 
diffraction angle that corresponds to an intensify measurement greater 
than measurements attributable to "noise" if that angle is immediately 
preceded by and followed by powder X-ray diffraction angle with a lower 
intensity measurement; "noise" refers to those portions of a PXRD pattern 
produced by intrinsic measurement error, and which cannot be associated 
with a scientifically significant quantity of the material which is the subject 
of the PXRD test; 

4) "about" encompasses measurement errors inherently associated with 
powder X-ray diffraction testing. 
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Lupin CC Order , 484 F. Supp. 2d at 459, 466. The Eastern District of Virginia aiso 
concluded that claims 2-5 were product-by-process claims. idL Later the district court 
concluded that the process terms of daims 2-5, indicated by the phrase "obtainable by," 
limit the claims to the specified processes and process steps, in reaching that 
conclusion, the triai court followed this court's opinion in Atlantic Thermoplastics Co. v. 
Faytex Corp. , 970 F.2d 834 (Fed. Cir. 1992). Lupin SJ Order , 491 F. Supp. 2d at 567- 
68; Lu pin Ltd. v. Abbott Labs. , No. 3:06-CV-400 (E.D. Va. May 10, 2007) ( Lupin PbyP 
Order). In the Lupin appeal, Abbott challenges only the Eastern District of Virginia's 
constructions of "crystalline" and "obtainable by." 



Evaluation of a summary judgment of noninfringement requires two steps: claim 
construction, which this court reviews without deference, Cybor Corp. v. FAS 
Technologies, inc. . 138 F.3d 1448, 1451 (Fed. Cir. 1998) (en banc), and comparison of 
the properly construed claims to the accused product, process, or composition of 
matter, which in the context of summary judgment also occurs without deference, see 
Ormco Cor p. v. Align Technologies, Inc.. 498 F.3d 1307, 1312 (Fed. Cir. 2007). 
Although infringement by equivalency is a question of fact, this court may affirm 
summary judgment "where no reasonable fact finder could find equivalence." Sage 
Prods., Inc. v. Devon Indus., Inc. , 126 F.3d 1420, 1423 (Fed. Cir. 1997) (citing Warner- 
Jenkinson Co. v. Hilton Da vis Chemical Co., 520 U.S. 17, 39 n.8 (1997). 



Because the claims define the patent right, see innoya/Py re Water. I no. v. Saf a ri 
Water Filtration Systems, Inc. , 381 F.3d 1111, 1115 (Fed, Cir. 2004), naturally "the 



III. 



A. 



Claim Construction 
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claims themselves provide substantia! guidance as to the meaning of particular claim 
terms." Phillips v. AWH Corp. , 415 F.3d 1303, 1314 (Fed. Cir. 2005) (en banc). But the 
claims "must be read in view of the specification, of which they are a part." Markman v. 
Westview Instruments, Inc. , 52 F.3d 967, 979 (Fed. Cir. 1995) (en banc), affd , 517 U.S. 
370 (1996). A patent's specification provides necessary context for understanding the 
claims, and "is always highly relevant to the claim construction analysis." Phillips , 415 
F.3d at 1315 (quoting Vitronics Corp. v. Conceptronic, Inc., 90 F.3d 1576, 1582 (Fed. 
Cir. 1996)). While equally true in a genera! sense, sometimes the specification offers 
practicaily incontrovertible directions about claim meaning. For example, inventors may 
act as their own lexicographers and give a specialized definition of claim terms. See id. 
at 1316. Likewise, inventors and applicants may intentionally disclaim, or disavow, 
subject matter that would otherwise fail within the scope of the claim. See id. 

When consulting the specification to clarify the meaning of claim terms, courts 
must take care not to import limitations into the claims from the specification. This court 
has recognized the "fine Sine between" the encouraged and the prohibited use of the 
specification. Comark Commc'ns, Inc. v. Harris Corp. , 156 F.3d 1182, 1186 (Fed. Cir. 
1998). When the specification describes a single embodiment to enable the invention, 
this court will not limit broader claim language to that single application "unless the 
patentee has demonstrated a clear intention to limit the claim scope using 'words or 
expressions of manifest exclusion or restriction.'" Liebel-Fla rsheim Co. v. Medrad, Inc. , 
358 F.3d 898, 906 (Fed. Cir. 2004) (quoting Teleflex, In c. v. Fscosa N. Am. Corp., 299 
F.3d 1313, 1327 (Fed, Cir. 2002)). By the same token, the claims cannot "enlarge what 
is patented beyond what the inventor has described as the invention." Biogen, Inc. v. 
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Berlex Labs., Inc., 318 F.3d 1132, 1140 (Fed. Cir. 2003) (quoting Netword, LLC v. 
Central Corp. , 242 F.3d 1347, 1352 (Fed. Cir. 2001)). Thus this court may reach a 
narrower construction, limited to the embodiment(s) disclosed in the specification, when 
the claims themselves, the specification, or the prosecution history clearly indicate that 
the invention encompasses no more than that confined structure or method. See 
Liebel-Flarsheim, 358 F.3d at 908. 

Along with the specification, the prosecution history is "intrinsic evidence" of the 
meaning of the claims, because it "provides evidence of how the [United States Patent 
& Trademark Office (PTO)j and the inventor understood the patent." Phillips, 415 F.3d 
at 1317. Although often producing ambiguities occasioned by ongoing negotiations 
between the inventor and the PTO, "the prosecution history can often inform the 
meaning of the claim language by demonstrating how the inventor understood the 
invention and whether the inventor limited the invention in the course of prosecution, 
making the claim scope narrower than it would otherwise be," Id. "[Cjlear and 
unmistakable" statements during prosecution may also disavow claim scope. Computer 
Docking Station Corp. v. Dell. Inc. , 519 F.3d 1366, 1374 (Fed. Cir. 2008) (quoting 
Purdue Pharma LP. v. Endo Pharms., inc., 438 F.3d 1123, 1136 (Fed. Cir. 2006)). 
Again owing in part to the inherent ambiguities of prosecution history, the doctrine of 
prosecution disclaimer only applies to unambiguous disavowals. See id. at 1375. 



1 . "crystalline" 
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The Eastern District of Virginia's construction of "crystalline" in claims 1-5 as 
"Crystal A" included the important caveat "as outlined in the specification," Lupin CC 
Order , 484 F. Supp. 2d at 459. Although the Eastern District noted the parties agreed 
that "crystalline" ordinarily means exhibiting "uniformly arranged molecules or atoms," 
id. at 454, the court relied on the language of the claims themselves, the specification, 
and the prosecution history to arrive at the more specific meaning recited in the 
specification. 

The '507 specification states that "Crystal A of the compound (I) [cefdinir] shows 

its distinguishing peaks" at the seven particular PXRD angles enumerated in claim 1 . 

'507 patent col.1 H.51-82. Indeed, the phrase "Crystal A of the compound (I)" appears 

throughout the written description, and the patent offers the following definition: "any 

crystal of the compound (I) which shows substantially the same diffraction pattern [as in 

the table in col.1/claim 1] is identified as Crystal A of the compound (I)." Id. at col.1 1. 67- 

col.2 I.2. As the Eastern District correctly concluded: 

Had Astellas intended, in the chart found in column 1, to distinguish 
Crystal A from other forms of crystalline cefdinir that also fall within the 
scope of claim 1, it would have listed, at a minimum, an eighth peak 
associated only with Crystal A. However, by listing in column 1 only the 
same seven 'distinguishing' peaks featured in Claim 1 Astellas confirmed 
that Crystal A was synonymous with the invention listed in Claim 1 . 

Lupin CC Order. 484 F. Supp. 2d at 458-57. The problem, within the confines of claim 

1, is that defining "crystalline" as "Crystal A," where "Crystal A" incorporates the seven 

PXRD peak limitations, arguably renders the remainder of that claim redundant. To 

distinguish the invention, however, the specification refers several times to "Crystal A of 

the compound (\) of the present invention," see, e.g. , '507 patent, col.2 11.15-17, and 

offers no suggestion that the recited processes could produce non-Crystal A 
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compounds, even though other types of cefdinir crystals, namely Crystal B, were known 
in the art. As noted earlier, the Crystal B formulation actually appears in the parent JP 
'199 application. Thus, Abbott knew exactly how to describe and claim Crystal B 
compounds. Knowing of Crystal B, however, Abbott chose to claim only the A form in 
the '507 patent. Thus, the trial court properly limited the term "crystalline" to "Crystal A." 
The trial court's definition correctly identifies claim 1's literal scope. 

Unlike ciaim 1, claims 2-5 do not recite the seven PXRD peaks expressly 
associated with Crystal A in the '507 specification. Nonetheless, the Eastern District of 
Virginia limited "crystalline" to "Crystal A" in these claims as well, The trial court gave 
two reasons for this limitation. First, "[t]he process steps detailed in those claims 
[claims 2-5] correspond with the processes for making Crystal A disclosed in the 
specification under the heading The Process For Preparing Crystal A of The Compound 
(I).'" jdL at 457 (quoting '507 patent, col.2 11.13-14). Second, the parent JP '199 
application recited these steps "to distinguish between preparations of Crystal A and 
Crystal B." Jd. (citing JP '199 application, col.6 11.1-25). 

In limiting "crystalline" to "Crystal A" in claims 1-5, the Eastern District of Virginia 
did not improperly import the preferred embodiment into the claims. Initially, Crystal A is 
the only embodiment described in the specification. As discussed above, the 
specification's recitation of Crystal A as its sole embodiment does not alone justify the 
trial court's limitation of claim scope to that single disclosed embodiment. See Liebel- 
Fiarsheim , 358 F.3d at 906 ("[T]his court has expressly rejected the contention that if a 
patent describes only a single embodiment, the claims of the patent must be construed 
as being limited to that embodiment."), in this case, however, the rest of the intrinsic 
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evidence, including the prosecution history and the priority JP '199 application, evince a 
clear intention to limit the '507 patent to Grystai A as defined by the seven PXRD peaks 
in the specification and in ciaim 1 . 

Initially, the Eastern District of Virginia properly considered the JP '199 
application as relevant objective evidence of the inventor's knowledge at the filing of the 
'507 patent. While statements made during prosecution of a foreign counterpart to a 
U.S. patent application have a narrow application to U.S. claim construction, Pfizer Inc. 
v. Ranbaxv Labs. Ltd. . 457 F.3d 1284, 1290 (Fed. Cir. 2006), in this case the JP '199 
application is part of the prosecution history of the '507 patent itself. Indeed the '507 
patent claims priority from the JP '199 application. Furthermore, the trial court did not 
rely on attorney argument or amendments during a foreign prosecution as in Pfizer, but 
consulted only the contents of the foreign priority application. The JP '199 application 
strongly suggests that the '507 patent intentionally excluded Crystal B compounds. As 
discussed above, the JP '199 application establishes unequivocally that Abbott knew 
and could describe both Crystal A and Crystal B. Abbott could have retained the 
disclosure of Crystal B to support the broader claims of the '507 patent, but instead 
disclosed and claimed A alone. 

Furthermore, the prosecution history of the '507 patent shows a clear and 
intentional disavowal of claim scope beyond Crystal A. Co-inventor Takao Takaya, who 
prepared samples according to Examples 14 and 16 of the prior art '334 patent and a 
sample of "Crystal A of the present application," offered a declaration that Crystal A was 
more stable than the prior art samples from the "334 patent. An analytical chemist, 
Yoshihiko Okamato, corroborated this evidence. J. A. 501-04. Beyond these 
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declarations, the applicant specifically limited the invention to Crystal A: "the method of 
preparation of the crystalline form of the presently claimed compounds is not considered 
the heart of the present invention. The crystalline form of the compound represents the 
inventive concept hereof, and it is dear that [the ! 334 patent] does not anticipate or 
suggest said crystalline form." J. A. 511 (Response to Office Action of May 11, 1989, 
received October 27, 1989, at 8). 

Given the exclusive focus on Crystal A in the specification as well as the 
prosecution history of the '507 patent, the Eastern District of Virginia properly limited 
"crystalline" in claims 1-5 to Crystal A." 

2. proper interpretation of product-by process claims 1 

This court addresses Part ill.A.2 of this opinion en banc, which addresses the 
proper interpretation of product-by-process claims in determining infringement. 

Claims 2-5 of the '507 patent begin by reciting a product, crystalline cefdinir, and 
then recite a series of steps by which this product is "obtainable." The Eastern District 
of Virginia correctly categorized claims 2-5 as product-by-process claims. On appeal, 
Abbott argues that the Eastern District erred in construing the process steps of claims 
2-5 under the rule in Atlantic Thermoplastics, 970 F.2d at 848-47, that "process terms in 
product-by-process claims serve as limitations in determining infringement," rather than 
in accordance with Scripps Cl inic & Re search Fou ndation v. Genentech. Inc., 927 F.2d 
1565, 1583 (Fed. Cir. 1991) f[T]he correct reading of product-by-process claims is that 



1 This court, sua sponte , took en banc Section III.A.2 before issuing a panel 
opinion. The following judges join this section of the opinion: Chief Judge Michel and 
Judges Rader, Bryson, Gajarsa, Linn, Dyk, Prost, and Moore. Judges Newman and 
Lourie dissent in separate opinions. Judges Mayer and Loun'e join in Judge Newman's 
dissent. Judge Schall did not participate as a member of the en banc court. 
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they are not limited to product prepared by the process set forth in the claims."). This 
court takes this opportunity to clarify en banc the scope of product-by-process claims by 
adopting the rule in Atlantic Thermoplastics . 

In Atlantic Thermoplastics , this court considered the scope of product-by-process 
claim 28 in the patent at issue: "[t]he molded innersole produced by the method of 
claim 1." 970 F.2d at 836, The patentee urged that competing, indistinguishable 
innersoles made by a different method nonetheless infringed claim 26. Id. at 838. This 
court rejected the patentee's position. This court in Atlantic Thermoplastics construed 
product-by-process claims as limited by the process. Id. at 846-7. 

This rule finds extensive support in Supreme Court opinions that have addressed 
the proper reading of product-by-process claims. See Smith v. Goodyear Dental 
Vulcanite Co. , 93 U.S. 486, 493 (1877) ("The process detailed is thereby made as 
much a part of the invention as are the materials of which the product is composed."); 
Goodyear Dental Vulcanite Co. v. Davis. 102 U.S. 222, 224 (1880) ("[T]o constitute 
infringement of the patent, both the material of which the dental plate is made . . . and 
the process of constructing the plate . . . must be employed."); Merrill v Yeorna n s . 94 
U.S. 588 (1877); Cochrane v. Badische Aniiin & Soda Fabrik . 111 U.S. 293 (1884) 
(BASF); The Wood-Paper Patent . 90 U.S. 566, 596 (1874); Plummer v. Sargent. 120 
U.S. 442 (1887); Gen. Elec. Co. v. Wabash A ppliance Corp., 304 U.S. 364 (1938); see 
also Atl. Therm opjastics, 970 F.2d at 839-42 (discussing each of these cases). In 
these cases, the Supreme Court consistently noted that process terms that define the 
product in a product-by-process claim serve as enforceable limitations. In addition, the 
binding case law of this court's predecessor courts, the United States Court of Customs 
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and Patent Appeals (see In re Hughes . 496 F.2d 1216, 1219 (CCPA 1974) 
(acknowledging that "true product claims" are "broader" in scope than product-by- 
process claims)}, and the United States Court of Claims ( see Tri-Wali Containers v. 
United States . 408 F.2d 748, 751 (Ct. CI. 1969)), followed the same rule. 

This court's sister circuits also followed the general rule that the defining process 
terms limit product-by-process claims. See, e.g. , Hide-lte Leather v. Fiber Prods. , 226 
F. 34, 36 (1st Cir. 1915) ("It is also a well-recognized rule that, although a product has 
definite characteristics by which it may be identified apart from the process, still, if in a 
claim for the product it is not so described, but is set forth in the terms of the process, 
nothing can be held to infringe the claim which is not made by the process."); Paeco, 
Inc. v. Applied Moldings, Inc., 562 F.2d 870, 878 (3d Cir. 1977) ("A patent granted on a 
product claim describing one process grants no monopoly as to identical products 
manufactured by a different process."). Indeed, this court itself had articulated that 
rule: Tor this reason, even though product-by-process claims are limited by and 
defined by the process , determination of patentability is based on the product itself." In 
re Thorpe . 777 F.2d 895, 697 (Fed. Cir. 1985) {emphasis added}. 

The Supreme Court has long emphasized the limiting requirement of process 
steps in product-by-process claims, in BASF, the Court considered a patent relating to 
artificial alizarine. Specifically, the patent claimed "[artificial alizarine, produced from 
anthracine or its derivatives by either of the methods herein described, or by any other 
method which will produce a like result." 111 U.S. at 296 (quoting U.S. Patent Reissue 
No. RE 4,321). In turn, the specification generally described a method for making 
artificial alizarine involving anthracine or its derivatives. Alizarine had been in use for 
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thousands of years as a red textile dye, traditionally extracted from madder root. Pure 

alizarine has the chemica! formula Ci 4 H s 04, but "artificial alizarines" available in the 

market at the time of the litigation varied from almost completely pure alizarine, to 

combinations of alizarine and anthrapurpurine, to pure purpurine containing no alizarine 

whatsoever, JdL at 309-10. The defendant's product contained approximately sixty 

percent anthrapurpurine. Thus both alizarine and artificial alizarines were known in the 

prior art. The Supreme Court clearly articulated some of the scope and validity 

problems that arise when process limitations of product-by-process claims are ignored: 

[The defendant's product] is claimed by the plaintiff to be the artificial 
alizarine described in No. 4,321, and to be physically, chemically, and in 
coloring properties similar to that. But what that is is not defined in No. 
4,321, except that it is the product of the process described in No. 4,321. 
Therefore, unless it is shown that the process of No. 4,321 was followed to 
produce the defendant's article, or unless it is shown that that article could 
not be produced by any other process, the defendant's article cannot be 
identified as the product of the process of No. 4,321. Nothing of the kind 
is shown. 

If the words of the claim are to be construed to cover all artificial alizarine, 
whatever its ingredients, produced from anthracine or its derivatives by 
methods invented since Graebe and Liebermann invented the bromine 
process, we then have a patent for a product or composition of matter 
which gives no information as to how it is to be identified. Every patent for 
a product or composition of matter must identify it so that it can be 
recognized aside from the description of the process for making it. or else 
nothing can be held to infringe the patent which i s not made by that 
process. 

Id. at 310 (emphasis added). 

After BASF , the Supreme Court continued to emphasize the importance of 

process steps in evaluating the infringement of product-by-process claims. See, e.g. , 

Plummer , 120 U.S. at 448 ("jWjhatever likeness that may appear between the product 

of the process described in the patent and the article made by the defendants, their 
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identity is not established unless it is shown that they are made by the same process."); 
Gen. Elec. Co. , 304 U.S. at 373 ("[A] patentee who does not distinguish his product 
from what is old except by reference, express or constructive, to the process by which 
he produced it, cannot secure a monopoly on the product by whatever means 
produced." (footnote omitted)). 

Thus, based on Supreme Court precedent and the treatment of product-by- 
process claims throughout the years by the PTO and other binding court decisions, this 
court now restates that "process terms in product-by-proeess claims serve as limitations 
in determining infringement." Ati. Thermoplastics, 970 F.2d at 846-47. As noted earlier, 
this holding follows this court's dear statement in in re Thorpe that "product by process 
claims are limited by and defined by the process." 777 F.2d at 697. 

More recently, the Supreme Court has reiterated the broad principle that "[ejach 
element contained in a patent claim is deemed material to defining the scope of the 
patented invention." Warner-Jenkinson , 520 U.S. at 19. Although Warner-Jenkinson 
specifically addressed the doctrine of equivalents, this rule applies to claim construction 
overall. As applied to product-by-process claims, Warner-Jenkinson thus reinforces the 
basic rule that the process terms Hmit product-by-process claims. To the extent that 
Scripps Clinic is inconsistent with this rule, this court hereby expressly overrules Scripps 
Clinic . 

The dissenting opinions lament the loss of a "right" that has never existed in 
practice or precedent - the right to assert a product-by-process claim against a 
defendant who does not practice the express limitations of the claim. This court's en 
banc decision in no way abridges an inventor's right to stake claims in product-by- 
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process terms. Instead this decision merely restates the rule that the defining 
limitations of a claim - in this case process terms - are also the terms that show 
infringement. 

Thus this court does not question at all whether product-by-process claims are 
legitimate as a matter of form. The iegitimacy of this claim form was indeed a relevant 
issue in the nineteenth century when Ex parte Painter , 1891 CD, 200, 200-01 (Comm'r 
Pat. 1891), and some later cases were before the Commissioner of Patents. However, 
this court need not address that settled issue. The issue here is only whether such a 
claim is infringed by products made by processes other than the one claimed. This court 
holds that it is not. 

The jurisprudence of the Court of Customs and Patent Appeals - a court with 

virtually no jurisdiction to address infringement litigation - can shed little light on the 

enforcement of the only claim limitations that an applicant chooses to define the 

invention. Indeed, this court's venerable predecessor expressed its ambivalence 

towards the relevant infringement analysis: 

The policy of the Patent Office in permitting product-by-process type 
ciaims to define a patentable product, where necessary, has developed 
with full cognizance of the fact that in infringement suits some courts have 
construed such claims as covering only a product made by the particular 
process set forth in the claim and not to the product per se, 

In re Bridqeford , 357 F.2d 879, 683 n.5 (CCPA 1966). The reference to "some courts" 

in this prior citation, as this court notes en banc, includes the United States Supreme 

Court and every circuit court to consider the question, including this circuit. See also 

Jon S. Saxe & Julian S. Levitt, Prod u ct-by-Process Ciaims an d Their Current Status in 

Chemical Patent Office Practice , 42 J. Pat, Off. Soc'y 528, 530 (1960) ("[P]roduct~by~ 
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process claims have met with a most strict interpretation in the courts in infringement 
proceedings .... [Tjhe courts uniformly hold that only a product produced by the claim- 
designated process may be held to infringe the claim."} (citing Gen. Eiec. Co. , 304 U.S. 
384 and BASF , 111 U.S. at 310). 

Product-by-process claims, especially for those rare situations when products 
were difficult or impossible to describe, historically presented a concern that the Patent 
Office might deny aj] product protection to such claims. See in re Butler , 17 C.C.P.A. 
810, 813 (CCPA 1930) ("Process claims are valuable, and appellant thinks he is entitled 
to them; but it is submitted that he should not be limited to control of the process when 
the article which that process produces is new and useful."). In the modern context, 
however, if an inventor invents a product whose structure is either not fully known or too 
complex to analyze (the subject of this case - a product defined by sophisticated PXRD 
technology - suggests that these concerns may no longer in reality exist), this court 
clarifies that the inventor is absolutely free to use process steps to define this product. 
The patent will issue subject to the ordinary requirements of patentability. The inventor 
will not be denied protection. Because the inventor chose to claim the product in terms 
of its process, however, that definition also governs the enforcement of the bounds of 
the patent right. This court cannot simply ignore as verbiage the only definition supplied 
by the inventor. 

This court's rule regarding the proper treatment of product-by-process claims in 
infringement litigation carries its own simple logic. Assume a hypothetical chemical 
compound defined by process terms. The inventor declines to state any structures or 
characteristics of this compound. The inventor of this compound obtains a product-by- 
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process claim: "Compound X, obtained by process Y." Enforcing this claim without 
reference to its defining terms wou!d mean that an alleged infringer who produces 
compound X by process Z is still liable for infringement. But how would the courts 
ascertain that the alleged infringer's compound is really the same as the patented 
compound? After all, the patent holder has just informed the public and claimed the 
new product solely in terms of a single process, Furthermore, what analytical tools can 
confirm that the alleged infringer's compound is in fact infringing, other than a 
comparison of the claimed and accused infringing processes? If the basis of 
infringement is not the similarity of process, it can only be similarity of structure or 
characteristics, which the inventor has not disclosed. Why also would the courts deny 
others the right to freely practice process Z that may produce a better product in a better 
way? 

In sum, it is both unnecessary and logically unsound to create a rule that the 
process limitations of a product-by-process claim should not be enforced in some 
exceptional instance when the structure of the claimed product is unknown and the 
product can be defined only by reference to a process by which it can be made. Such a 
rule would expand the protection of the patent beyond the subject matter that the 
inventor has "particularly point[ed] out and distinctly claim[ed]" as his invention, 35 
U.S.C. § 112H6. 

Thus, the Eastern District of Virginia correctly applied the rule that the recited 
process steps limit the product-by-process claims 2-5 for any infringement analysis. 
3. "obtainable by" 
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in this case, Abbott's piain language argument, that "obtain able by" introduces an 
optional process, even if "obtained by" wouid introduce limiting process steps, is also 
unavailing. The BASF case, an analogous situation to this case, controls. As noted 
above, the Supreme Court in BASF considered the following claim language: "Artificial 
alizarine, produced from anthracine or its derivatives by either of the methods herein 
described, or by any other me thod which will produce a like result ." 111 U.S. at 296 
(emphasis added). The patentee argued that even though the defendant did not make 
artificial alizarine by "either of the methods herein described," the claim should capture 
the product because of the "or by another method" language. kL at 309. The Supreme 
Court refused to attach importance to those expansive words: "No. 4,321 furnishes no 
test by which to identify the product it covers, except that such product is to be the result 
of the process it describes." Id. at 305. Abbott's claims 2-5, like those in BASF and like 
product-by-process claims in general, do not furnish any test by which to identify the 
cefdinir crystals except that they are the result of their respectively claimed processes. 
As per BASF, Abbott's claim cannot capture a product obtained by or obtainable by 
processes other than those explicitly recited in the claims. 

If this court were to strip the process eiements from the claims, as Abbott would 
urge, for infringement purposes, there would then be nothing to differentiate 
independent claim 2 from independent claim 5. After all, if those claims are not bound 
by the process terms but only "define" the basic cefdinir compound, then each of the 
claims recite the same thing, over and over again. Though Abbott argues that it merely 
intends to give meaning to the word "obtainable," it instead seeks to have this court 
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render meaningless the explicit process limitations that the applicant chose to define its 
invention, 

The intrinsic evidence in this case further rebuts Abbott's contention that its 
claims are not limited to those products actually obtained by the processes recited. In 
column 2 of the '507 patent, under the title heading "The Process for Preparing Crystal 
A of the Compound (I)," the patentee used specific language to describe the very two 
processes that are mirrored in claims 2 and 5. '507 patent col.2 11.13-51. This language 
is not open-ended, nor does it constitute a mere description of the product by reference 
to the manner in which it can be made, as Abbott argues. By drafting claims 2 and 5 to 
incorporate these specific processes, Abbott made a conscious choice to place process 
requirements on its claimed product. If Abbott had wanted to obtain broader coverage 
for crystalline cefdinir devoid of any process limitations, as it seeks to do here, it could 
have simply done so (if indeed, as it argues, it is really the product that is the heart of 
the invention, not the process). But it did not. The crystals of claims 2 and 5 are simply 
not identifiable other than by the processes disclosed in column 2. This court must 
enforce the ways and terms that a party chooses to define its invention. 

The prosecution history also does not support Abbott's contention that 
"obtainable by" offers merely an optional set of definitional process conditions. During 
prosecution, Abbott faced obviousness rejections based on application claims 8-9, 
which were process claims that mirrored the very process limitations of issued claims 2- 
5. The PTO refused to issue the claims until one set of duplicates was cancelled. 
Abbott's action in cancelling claims 8-9 demonstrates its acquiescence to the PTO's 
view that the process elements of claims 2-5 are critical parts of those claims. In 
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addition, in a response to the PTO's office action, Abbott chose to differentiate a cited 
§ 103 reference, Takaya, on the basis that Abbott's claimed processes are different, 
For these reasons, the applicant's statement in the file wrapper that "the method of 
preparation ... is not considered the heart of the present invention" should not be 
afforded undue gravitas. The process limitations cannot be haphazardly jettisoned for 
an infringement analysis when they were so important in the patentability analysis. 

In sum, a patentee's use of the word "obtainable" rather than "obtained by" 
cannot give it a free pass to escape the ambit of the product-by-process claiming 
doctrine. Claims that include such ambiguous language should be viewed extremely 
narrowly. If this court does not require, as a precondition for infringement, that an 
accused infringer actually use a recited process, simply because of the patentee's 
choice of the probabilistic suffix "able," the very recitation of that process becomes 
redundant. This would widen the scope of the patentee's claims beyond that which is 
actually invented — a windfall to the inventor at the expense of future innovation and 
proper notice to the public of the scope of the claimed invention. For all the above 
reasons, the Eastern District of Virginia correctly construed the process limitations 
beginning with "obtainable by" in claims 2-5 as limiting the asserted claims to products 
made by those process steps. 

B. Summary Judgment 
^ the Lupin case, the Eastern District of Virginia granted summary judgment of 
noninfringement of claims 2-5, both literal and by equivalents, and of claim 1 by 
equivalents. Lupin SJ Order . Literal infringement of claim 1, i.e., whether Lupin's 
generic cefdinir product contains any Crystal A, is therefore not a live issue on appeal. 
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As for claims 2-5, the Eastern District noted that "Abbott and Astellas have conceded 
that literal infringement of Claims 2-5 cannot be established if the product-by-process 
analysis is performed pursuant to Mantjc..Thermoplastics ," given that "Abbott and 
Astellas have presented no evidence that Lupin is practicing the process steps set forth 
in Claims 2-5," Lupin SJ Order, 491 F. Supp. 2d at 568. Because the Eastern District 
correctly applied the rule from Atlantic T hermoplastics and likewise properly construed 
the limiting process terms in claims 2-5, only infringement by equivalents of claims 1-5 
remains before this court. 

Infringement analysis under the doctrine of equivalents proceeds element-by- 
element; a generalized showing of equivalency between the claim as a whole and the 
allegedly infringing product or process is not sufficient to show infringement. See 
Warner-Jenkinson, 520 U.S. at 29 ("the doctrine of equivalents must be applied to 
individual elements of the claim, not to the invention as a whole"). The primary test for 
equivalency is the "function-way-result" or "triple identity" test, whereby the patentee 
may show an equivalent when the accused product or process performs substantially 
the same function, in substantially the same way, to achieve substantially the same 
result, as disclosed in the claim. Graver Tank & Mfg. Co. v. Linde Air Prods. Co.. 339 
U.S. 605, 608 (1950). But, because "[different linguistic frameworks may be more 
suitable to different cases," Warner-Je nkinson, 520 U.S. at 40, the function-way-result 
test is not the only test for equivalency. Equivalency may also be proven where the 
differences between the invention as claimed and the accused product or process are 
insubstantial. Hilton Davis Chem. Co. v. Warner-Jenkinson Co., 62 F.3d 1512, 1517-18 
(Fed. Cir. 1995) (en banc), rev'd on other grounds . 520 U.S. 17 (1997). In no case, 
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however, may the doctrine of equivalents ignore the individual claim elements. See 
Warner-Jenkinson , 520 U.S. at 40 (requiring "a special vigilance against allowing the 
concept of equivalence to eliminate completely any such [individual] elements"). 

Because "crystalline" in claims 1-5 is limited to "Crystal A" as defined by the 
seven PXRD peaks enumerated in claim 1 and in the specification of the '507 patent, 
the doctrine of equivalents cannot capture crystals that are not themselves equivalent to 
Crystal A. in turn, the bounds of Crystal A equivalents cannot ignore the limits on 
Crystal A in the '507 patent, which as discussed above, includes a conscious decision 
to distinguish Crystal B from the claimed invention. To recall, the applicant removed 
Crystal B from the US prosecution of the parent JP '199 application. The '507 patent 
indisputably describes and claims Crystal A, and not Crystal B. The '507 patent, of 
course, could have claimed the known Crystal B formulation which was known to the 
inventors because it appeared in their priority JP '199 application. The applicants chose 
not to claim Crystal B. Thus Crystal B compounds, most relevantly cefdinir 
monohydrate, fall outside the scope, literal or equivalent, of claims 1-5 of the '507 
patent. 

The parties agree that the "bulk" of Lupin's cefdinir product is Crystal B, not 
Crystal A. The degree to which Lupin's product may or may not also contain Crystal A 
is the centra! inquiry regarding the alleged literal infringement of claim 1, which is not 
part of the present appeal. Abbott cannot extend its exclusive right in the '507 claims 
under the doctrine of equivalents to embrace known but unclaimed subject matter. In 
other words, Abbott effectively disclaimed Crystal B during prosecution of the '507 
patent, by removing the Crystal B disclosure from the parent JP '199 application and 
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emphasizing the sole teaching of Crystal A in communications with the PTO as well as 
in the '507 specification itself. Abbott cannot now recapture that unclaimed subject 
matter under the doctrine of equivalents because the Eastern District properly 
interpreted claims 2-5 to limit "crystalline" to Crystal A. To expand that claim term to 
embrace Crystal B would ignore the specific claim limitations of the '507 patent. 

Alternatively this court notes that this case seems to fit within the dedication 
doctrine that forecloses invocation of the doctrine of equivalents. The patent applicant 
clearly knew of the Crystal B forms of the claimed invention because it claimed and 
disclosed them in its Japanese priority application. Yet it declined to claim an 
embodiment expressly disclosed in its priority document, thus dedicating that 
embodiment to the public and foreclosing any recapture under the doctrine of 
equivalents. See Johnson & Johnston Assocs. v. R.E. Serv. Co. , 285 F.3d 1046, 1054 
(Fed. Cir. 2002). 

During prosecution, Abbott chose to eschew Crystal B and focus exclusively on 
Crystal A compounds. Without a complete record and no arguments about validity 
before this court on appeal, this court cannot speculate on the reasons for this choice. 
Nonetheless, the parties hotly contest whether Example 14, which reports obtaining 
"crystals" not specifically identified or described, and/or Example 18 of the '334 patent 
enable cefdinir monohydrate, i.e. Crystal B type crystals. 

Beyond the attempt to reinflate the claims to encompass Crystal B based on 
mathematical comparisons of the PXRD peak patterns of Crystal A and Crystal B, 
Abbott also asserts that Lupin effectively admitted infringement by equivalents when it 
claimed before the Food and Drug Administration that its cefdinir generic was a 
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bioequivalent to Abbott's Gmnicef product. Whiie bioequivalency may be relevant to the 
function prong of the function-way-resuit test, bioequivalency and equivalent 
infringement are different inquiries. BioequivaSency is a regulatory and medical concern 
aimed at establishing that two compounds are effectively the same for pharmaceutical 
purposes. In contrast, equivalency for purposes of patent infringement requires an 
element-by-element comparison of the patent claim and the accused product, requiring 
not only equivalent function but also equivalent way and result. Different attributes of a 
given product may thus be relevant to bioequivalency but not equivalent infringement, 
and vice versa. As the Northern District of Illinois observed in the Sandoz case, "[i]f 
bioequivalency meant per se infringement, no alternative to a patented medicine could 
ever be offered to the public during the life of a patent." Sandoz PI Order, 486 F. Supp. 
2d at 776. Thus, whiie potentially relevant, the bioequivalency of an accused product 
with a product produced from the patent at issue is not sufficient to establish 
infringement by equivalents. 

Because Crystal B is not an equivalent of Crystal A, the Eastern District of 
Virginia did not err in granting summary judgment of noninfringement of claims 2-5, both 
with respect to literal and equivalent infringement, and with respect to equivalent 
infringement of claim 1 . 

IV. 

This court reviews the grant or denial of a preliminary injunction for abuse of 
discretion. Amazon.com, inc. v. Bamesandnoble.corri . Inc., 239 F.3d 1343, 1350 (Fed. 
Cir. 2001). A district court may enter a preliminary injunction based on its consideration 
of four factors: "(1) the likelihood of the patentee's success on the merits; (2) irreparable 
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harm if the injunction is not granted; (3) the balance of hardships between the parties; 
and (4) the public interest." Erico Int'l Corp. v. Vutec Corp., 518 F.3d 1350, 1353-54 
(Fed. Cir. 2008) (quoting PHG Techs.. LLC v. St. John Cos., inc. . 469 F.3d 1381, 1385 
(Fed. Cir. 2008). 

Sandoz and leva's Omnicef generic products, like Lupin's, are also at least 
primarily cefdinir monohydrate, a Crystal B compound. Sandoz PI Order, 486 F. Supp. 
2d at 769. Before the Northern District of Illinois, the parties to the Sandoz litigation 
disputed whether Sandoz and Teva's products also contained small amounts of cefdinir 
anhydrate, i.e., Crystal A, which would fall within the literal scope of claim 1 of the '507 
patent. Working primarily from the Eastern District of Virginia's claim construction, to 
which the parties to the Sandoz litigation agreed would bind their litigation as well for 
purposes of the preliminary injunction motion, the Northern District of Illinois denied 
Abbott's motion for a preliminary injunction, finding that Abbott was unlikely to prevail on 
the merits at trial. 

This court detects no abuse of discretion in the Northern District of Illinois' 
preliminary injunction denial. As described above, the '507 patent is properly construed 
to exclude Crystal B, both as to literal and equivalent infringement. Thus, this court 
need not delve into the Northern District of Illinois' clarifications of the Eastern District of 
Virginia's claim constructions. The Northern District of Illinois succinctly concluded: 
!, [w]e know that Crystal B was known to the plaintiffs because it had been included in 
the Japanese '199 patent. Thus we conclude that the plaintiffs deliberately excluded 
from the definition of Crystal A, cefdinir monohydrate, which is Crystal B." Id, at 775. 
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As to the alleged presence of smaii amounts of Crystal A in Sandoz and leva's 
products, Abbott's evidence did not persuade the Northern District of Illinois, id. This 
court perceives that decision as well within the trial court's discretion. As additional 
support, the Northern District observed that there was no evidence that any trace 
amounts of cefdinir anhydrate, i.e. Crystal A, in Sandoz and leva's products "could be a 
contributing factor in the efficacy" and that even "if there is a small amount of cefdinir 
anhydrate in defendants' products, we do not conclude that this could cause literal 
infringement." Id. While these may be misstatements of the law, because de minimis 
infringement can still be infringement, see 35 U.S.C. § 271(a); see also SunTiqer , inc. 
v. Sci. Res. Funding Group, 189 F,3d 1327, 1336 (Fed, Cir. 1999) ("If a claim reads 
merely on a part of an accused device, that is enough for infringement."), this court 
need not reach that issue in a preliminary injunction context which affords the trial court 
broad leeway to discern a "likelihood of success." Likewise the district court may have 
overstated the relevance of efficacy, because the '507 patent contains no claim 
limitations relating to efficacy. But these misstatements were harmless because they 
merely formed an alternative basis for the Northern District of Illinois' reasonable 
assessment of the evidence proffered by Abbott for its preliminary injunction motion. As 
noted, this court sustains the trial court's discretion based primarily on its administration 
of the proper claim construction and its finding that Abbott was not likely to show 
Sandoz and Teva's products contained any Crystal A at all. 

CONCLUSION 

The Eastern District of Virginia correctly construed the '507 patent's recitation of 
"crystalline" in each of the asserted claims as limited to Crystal A, as outlined in the 
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specification. Because Abbott scrubbed ail references to Crystal B in the '507 patent's 
specification, which were present in the '507 patent's parent foreign application, Abbott 
clearly demonstrated its intent to limit the '507 patent to Crystal A. This intent was 
further underscored by comments made during prosecution. As such, Abbott is unable 
to recapture Crystal B through broad claim language or under the doctrine of 
equivalents. The Eastern District of Virginia therefore properly concluded on summary 
judgment that Lupin's cefdinir product did not infringe claims 1-5 literally or claims 2-5 
by equivalency. Similarly, the Northern District of Illinois did not abuse its discretion in 
declining to enter a preliminary injunction against Sandoz and Teva's cefdinir products. 



AFFIRMED 



COSTS 

Each party shall bear its own costs. 
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NEWMAN, Circuit Judge , with whom Circuit Judges MAYER and LOURIE join, 
dissenting from en banc Section III. A. 2. 

The court today acts en banc to overturn a century of precedent and practice, 

and holds that a new product that is difficult to describe without reference to how it was 

made, but that is nonetheless a new and unobvious product, cannot be protected as a 

product if its description is aided by reference to how it was made. Heretofore a new 

product whose structure was not fully known or not readily described could be patented 
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as a product by including in the product description sufficient reference to how it can be 
made, to distinguish the new product from prior art products. Patentability was 
determined as a product, independent of any process reference in the claim, and 
validity and infringement were based on the product itself. This expedient for patenting 
products whose structure was not fuhy known at the time of filing the patent application 
has been called the "rule of necessity." It was pragmatic, fair, and just, for it attuned 
patent law and practice to the realities of invention. 

Today the court rejects this expedient and discards this practice, ruling that all 
claims containing a process term under the rule of necessity now must be construed, for 
purposes of infringement, as limited to use of any process term that was used to assist 
in defining the product. That is, such a product is not patented as a product, however it 
is produced, but is limited to the process by which it was obtained. This is a new 
restraint on patents for new products, particularly today's complex chemical and 
biological products whose structure may be difficult to analyze with precision. It is a 
change of law with unknown consequences for patent-based innovation. 

The court acts sua sponte , without explanation of what policy is intended to be 
served by this change, without consideration of the technologies that may be adversely 
affected by elimination of this expedient, without notice to those whose property rights 
may be diminished. In so doing, the court departs from statute, precedent, and practice. 
This change is as unnecessary as it is flawed, gratuitously affecting inventions past, 
present, and future. I respectfully dissent. 
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DISCUSSION 

For most product inventions, the process by which the product was made, 
whether or not the process is itself a patentable invention, is not stated in the product 
claims. However, as the variety and complexity of invention and technology have 
increased, various forms of product claims with process terms have been used in 
specific circumstances, depending on the nature of the invention. 1 The form here at 
issue relates to product claims for new and unobvious products whose structure is not 
fully known, and for which process parameters are used to aid in defining the product. 
This claiming expedient has been recognized since at least 1891. 

The court today overturns this expedient for all circumstances, brooking no 
exception. Acting en banc for the purpose, the court rules that if any process term or 
descriptive aspect is included in a product claim to aid in distinguishing a new product, 
the claim cannot be infringed by the identical product unless the same process aspect is 
used in making the accused product. The court holds that it is irrelevant whether the 
product is new or was known, irrelevant whether the product could have been fully 
described by its structure at the time of the patent application, irrelevant whether the 
particular invention is a new product or is actually a process. The court adopts a 
simplistic universal rule, thereby targeting a small but significant class of inventions. 
The effect of this decision on innovation in complex fields of science and technology is 
unknown to the court, for we have had no advice on the consequences of this change of 



1 As discussed by Eric P. Mirabel, Product- By-Process Cla irnsj A Practical 
Perspective , 68 J. Pat. & Trademark Off. Soc'y 3, 3-4 (1986), the various forms of 
product-by-process claims include "true" product-by-process claims, product claims with 
a process limitation, product claims with a process-derived structural element, and 
product claims with functional terms. 
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law. My dissent is directed as much to the court's procedure, as to the substance of the 
court's decision, 

! 

PROCEDURE 

The court has given no notice of this impending en banc action, contrary to the 
Federal Rules of Appellate Procedure and contrary to the Federal Circuit's own 
operating procedures. The en .banc court has received no briefing and held no 
argument, although the Federal Rules so require. The communities of inventors, 
innovators, and the public who may be affected by this change of law have had no 
opportunity to be heard. The court has received no information concerning the effect on 
patents that were granted based on this Song-established practice, no advice on what 
kinds of inventions may now lie fallow because they are unprotected. Nor does the 
court explain its suspension of the standards of judicial process. 

The Federal Rules have the force of Saw. 28 U.S.C. §2072. Federal Rules of 

Appellate Procedure 34 and 35 are here implicated. Rule 34 provides that "oral 

argument must be allowed in every case" unless certain specific exceptions exist: 

Rule 34(a)(2) Standards, Oral argument must be allowed in every case 
unless a panel of three judges who have examined the briefs and record 
unanimously agrees that oral argument is unnecessary for any of the 
following reasons: 

(A) the appeal is frivolous; 

(B) the dispositive issue or issues have been authoritatively 
decided; or 

(C) the facts and Sega! arguments are adequately presented in 
the briefs and record, and the decisional process would not be 
significantly aided by oral argument. 

Applying the Rule 34 standards, it is clear that (A) this appeal is not frivolous and (B) the 

dispositive issue has not been authoritatively decided, for it is currently being addressed 
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en banc . There has been (C) no briefing and no record to the court, and this is not a 

case in which the decisiona! process would not be aided by oral argument, The en 

banc court has heard no argument, and has received neither written nor oral exploration 

of the diverse aspects of this long-established claiming practice. 

Federal Rule of Appellate Procedure 35 has also failed of compliance. That rule 

recognizes the exceptional nature of en banc hearing or rehearing, and identifies the 

two circumstances warranting such procedure: 

Rule 35(a) ... An en banc hearing or rehearing is not favored and 
ordinarily will not be ordered unless: 

(1) en banc consideration is necessary to secure or maintain 
uniformity of the court's decisions; or 

(2) the proceeding involves a question of exceptional importance. 

When an en banc hearing or rehearing is ordered sua sponte by the court, whether for 
uniformity of decision or on a question of exceptional importance, the hearing or 
rehearing must receive the appellate process set by the Rules. 

I agree that en banc review is appropriate, for this apparent conflict in our 
precedent has existed since 1992. Now that the court has undertaken to resolve the 
conflict, the withholding of public notice, or even notice to the parties to this case, is 
devoid of justification. The question is of importance, but there has been no assertion of 
urgency sufficient to require bypassing the standard appellate procedures. The breadth 
of the en banc court's ruling, the solidity of the precedent now overruled, the importance 
of the technologies affected, and the untold issued patents that are now placed in limbo, 
require this court's compliance with Federal Rules 34 and 35. 

The Federal Circuit has recognized that it can benefit from the advice of those 
knowledgeable in the law and its purposes, in the areas of our nation-wide 
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responsibility. Patent law has a direct impact on innovation, industry, and technological 

advance, and when an en banc ruling may change the law affecting some areas of 

technology and the industries based thereon, this court has routinely sought to be 

informed, by the parties and amies curiae , of relevant concerns. When the impact of a 

sua sponte change of law transcends the interests of the parties to the specific case, 

notice to the interested public, as well as to the parties, is fundamental to due and fair 

process. The Federal Circuit's Internal Operating Procedure (IOP) 14 was adopted to 

implement these principles: 

IOP 14.3(c) if the sua sponte petition for hearing en banc is granted, a 
committee of judges appointed by the chief judge, which shall normally 
include the judge who initiated the poll, shall within seven working days 
(fourteen working days between June 21 and September 11) transmit on a 
vote sheet to the judges who will sit en banc an order setting forth the 
questions proposed to be addressed by the court en banc. The clerk shall 
provide notice that a majority of the judges in regular service has acted 
under 28 U.S.C. §48 and Fed. R, App, P. 35(a) to order the appeal to be 
heard en banc, and indicate any questions the court may wish the parties 
and amici to address. Notice shall be given that the court en banc shall 
consist of all circuit judges in regular service who are not recused or 
disqualified. Additional briefing and oral argument will be ordered as 
appropriate. 

United States Court of Appeals for the Federal Circuit, Internal Operati ng Procedures at 
40, available at http://www.cafc.uscourts.gov/pdf/IOPs122006.pdf. This IOP has not 
been followed. No notice was given, even to the parties, that the court had ordered this 
question to be reheard en banc ; nor did the court advise the parties or the public as to 
the aspects being addressed for en banc decision. The court is acting sua sponte , 
without notice and without argument and without an opportunity for participation. By 
bypassing this court's standard operating procedure, as well as violating the Federal 
Rules of Appellate Procedure, the court has deprived itself of input concerning the 
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experience of precedent, of advice as to how this change of law may affect future 
innovation, and of guidance as to the effect on existing property rights. 

il 

PRECEDENT AND PRACTICE 
The court's opinion does not mention the long-established precedent that it is 
overturning. This is not a simple conflict between isolated rulings of the Federal Circuit; 
it is a change of Saw and practice with roots in century-old decisions. I start with this 
precedent, for the expedient of what came to be called the "rule of necessity" originated 
in the recognition, by the courts and the Patent Office, that not all new products could 
be fully described by their structure, due to the state of scientific knowledge or available 
analytical techniques. It was also recognized, over a century ago, that sufficient 
distinction from prior art products couid sometimes be achieved by reference to how the 
product was made. Thus the courts and patent administrators established the 
exception that permitted inclusion in a product claim of sufficient recitation of how the 
product was made, to aid in identifying the product and distinguishing it from the prior 
art. This claim form was loosely calied a "product-by-process" form, although that term 
includes a variety of situations, see n.1 supia, having diverse legal consequences. The 
only form here at issue is that in which the product is new and its structure is not fully or 
readily known, such that its definition as a product is aided by referring to how it was 
made. Since before 1891, this has been an accepted way to claim products as 
products, recognizing that this is an exception to the general rule that new products are 
claimed without reference to the process by which they are produced. 
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This exception was discussed in 1891 in Ex parte Painter, the Commissioner of 

Patents explaining that when there is entitlement to a patent on a new article of 

manufacture, it can be claimed by reference to the process of producing it, when the 

inventor iacks other language to "define and discriminate" the invention: 

It requires no argument to establish the proposition that as a rule a claim 
for an article of manufacture should not be defined by the process of 
producing that article. On the other hand, when a man has made an 
invention his right to a patent for it, or his right to a claim properly defining 
it, is not to be determined by the limitations of the English language. 
When the case arises that an article of manufacture is a new thing, a 
useful thing, and embodies invention, and that article cannot be properly 
defined and discriminated from prior art otherwise than by reference to the 
process of producing it, a case is presented which constitutes an 
exception to the rule. 

1891 CD. 200, 200-01 (Comm'r Pat. 1891). The Commissioner cited, as an earlier 
example of this exception, the claim in Globe Nail Co. v. U.S. Horse Nail Co. , 19 F. 819 
(CCD. Mass. 1884) (sustaining validity of claim directed to horse-shoe nail claimed by 
reference to its process of manufacture, and finding it infringed by the accused nail 
having only a "trivial and unsubstantial variation" from the claimed product). In contrast, 
where the patent application made clear that the product could be described by its 
structure, the Patent Office ruled that the exception did not apply. See, e.g. , Ex parte 
Scheckner . 1903 CD. 315, 315-16 (Comm'r Pat. 1903) (sustaining rejection of claim 
directed to an etched printing-plate that "specifies certain steps by means of which the 
etching is accomplished" because other claims "define the plate in terms of its 
structure"). 

This expedient has been discussed in various judicial decisions. In all cases the 
issue has not been whether this expedient was available, for its availability was not 
challenged; the issue was simply its application to the particular facts. For example, at 
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a time when it heard direct appeals from Patent Office rulings, the D.C. Circuit remarked 

on this "only exception" to the genera! rule of product claiming, stating: 

It is a well-settled ru!e of patent law that claims for a product which is 
defined by the process of producing it will not be allowed; and the only 
exception to this rule seems to be in cases where the product involves 
invention and cannot be defined except by the process used in its 
creation. In extreme cases of this character, the product may be allowed; 
but that is not this case, especially in view of the broad claims allowed 
appellant in his copending application .... 

In re Brown , 29 F.2d 873, 874 (D.C. Cir. 1928} (emphasis added). 

The Court of Customs and Patent Appeals discussed precedent involving claims 

for processes and products in various factual situations, and summarized that: 

Where it is possible to define a product by its characteristics, the practice 
is clearly settled that this should be done. Where, however, the product is 
novel and involves invention and cannot be defined except by the steps of 
the process involved in its creation, there are cases holding that such a 
claim may be allowed, and it has been sustained by a Court. 

In re Butler , 37 F.2d 823, 626 (CCPA 1930} (emphasis added) (quoting Ex Parte 

Feisenmeier , 1922 CD. 18 (Comm'r Pat. 1922)). The CCPA then found this rule 

inapplicable to the facts of Butler's invention, explaining that "the record at bar does not 

meet this requirement [that the product was new]." k± 

In In re Lifton , 189 F.2d 261 (CCPA 1951), the CCPA again commented on this 

exception for product claims, stating that when "proper article claims" were possible 

they must be used, with the exception of when such claims are "impossible": 

This court has uniformly held that a claim for an article must define the 
article by its structure and not by the process of making it. The one 
exception to this rule, where the invention is the article and it is impossible 
to otherwise define it . is clearly ruled out in the present case because 
appellant has demonstrated the possibility of proper article claims by 
including several devoid of process limitations. 



2007-1400, -1446 



10 



id. at 283 (emphasis added, citations omitted). The court again recognized "the one 
exception," holding once again that it does not apply when the product can be described 
independently of the process of making it. 

These inquiries into the facts warranting application of the exception demonstrate 
that the rule of necessity was seldom applied, but was nonetheless recognized both by 
the courts and the Patent Office. Decisions of the Patent Office Board of Appeals 
illustrate the practice. See, e.g., Ex parte Pfenning, 65 U.S. P.O. 577 (Pat. Off. Bd. App, 
1945) (allowing claim "directed to a product which results from the method of claim 9" in 
light of applicant's argument that "it is impossible in the instant case to define the 
product adequately in terms of the elements which compose it or in terms of its physical 
characteristics"); Ex parte Lessig, 57 U.S.P.Q. 129 (Pat. Off. Bd. App. 1943) (allowing 
claim for a "product containing vulcanized rubber" strongly adhered to fibers which "has 
been prepared by the process of claim 4" because "it is not possible to otherwise 
distinguish over the art of record"). 

Commentators have explained that this claiming practice became of increasing 
importance as the complex sciences blossomed. See, e.g. , Mark D. Passler, Product- 
by-Process Patent Claims: Majority of the Court of Appeals for the Federal Circuit 
Forgets Purpose of the Patent Act , 49 U. Miami L. Rev. 233, 233 n.3 (1994) ("Such 
claims are often used by companies to patent complex drug or chemical products 
whose structure is not completely understood and, therefore, can only be accurately 
described by the process through which it is made."). It is well known that the full 
structure of some chemical and biological products is not always known at the time the 
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patent application is filed, indeed, it is a tenet of the scientific method that explanation 
and theory tend to follow, not precede, the observation of a development in the science. 

The CCPA continued to recognize the use of process terms to aid in describing 
new products — the form of claim sometimes called a "pure" product-by-process claim, 
see n.1 supra — and repeatedly ruled that such claims are properly viewed as product, 
not process, claims. The court also disaHowed such claims where the product itself was 
not novel and unohvious. The court confirmed that such a claim, when justified for a 
novel and unobvious product, is properly construed as encompassing the full scope of a 
product claim. For example, in In re Bridqeford. 357 F.2d 879 (CCPA 1966), the court 
again explained that a new product may be defined by the process of making it if there 
is no other way to describe the product, stressing that "the invention so defined is a 
product and not a process." id. at 682. The Bridqeford court relied on this view of the 
scope of the product-by-process claims in a related patent, and held unpatentable for 
double patenting claims that defined the "product per se." Id. at 680. The court 
explained that product-by-process claims are true product claims, and overruled the 
suggestion in In re Freeman . 166 F.2d 178, 181 (CCPA 1948), that product-by-process 
claims are "dependent ... on process limitations" and therefore coextensive with 
process claims. Bridqeford , 357 F.2d at 683 n.6 ("While there is some language in 
Freeman to support the contention that a product-by-process type claim differs only 'in 
scope' from a process type claim and they therefore 'are directed to a single invention,' 
(186 F.2d at 181) so far as this is inconsistent with our holding here it must be 
overruled."). 
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My colleagues misstate the hoiding of Bridgeford , for Bridgeford directly 
contravenes today's holding. In Bridgeford the CCPA noted that "some courts" have 
construed claims with process steps as limited to the recited process, id. at 683 n.5, 
apparently without inquiring whether the ruie of necessity justified full product scope for 
the invention at issue. The CCPA's observation that patents are construed 
inconsistently in other courts cannot be taken, as apparently do my colleagues, as error 
by the CCPA. To the contrary, the inconsistency among courts led eventually to 
consolidation. 2 

Again in In re Brown, 459 F.2d 531 (CCPA 1972), the CCPA explained that 
product-by-process claims are product claims, not process claims, and that the 
patentability of the product must be established independently of the process by which it 
is identified. See id. at 535 ("[i]n spite of the fact that the claim may recite only process 
limitations, it is the patentability of the product claimed and not of the recited process 
steps which must be established."). 

Other decisions discussing application of this expedient to claims directed to 
complex new products include In re Pilkinqton. 411 F.2d 1345, 1349 (CCPA 1969) 
("While we are satisfied that the references of record do not anticipate appellant's glass 
or demonstrate that it would be obvious, the differences between that glass and the 
glass of the prior art do not appear to us to be particularly susceptible to definition by 
the conventional recitation of properties or structure."), and In re Fessmann, 489 F.2d 

2 The Hruska Commission Report, which informed the debate that 
eventually led to the formation of our court, described the varying attitudes towards 
patents held by the regional courts of appeal and the variations in patent rulings among 
the circuits. See Commission on Revision of the Federal Court Appellate System 
Structure and Internal Procedures: Recommendations for Change , 87 F.R.D. 195, 370 
(1975). ~~ ' ™~ ' ' ' " 
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742, 743 (CCPA 1974) (affirming obviousness rejection of product-by-process claim 
directed to a "liquid smoke" product, but observing that prior art compositions "are 
complex mixtures of the chemicai compounds which can be derived from wood" which 
"defy simple characterization and this fact presumably accounts for the use of product- 
by-process claims"). The need for this expedient, and the proper scope afforded such 
claims, is summarized in the treatise Walker on Patents : 

[Pjatent rights over a chemical product are typically independent of the 
process by which the product is made, and are particularly valuable 
because of this fact. This independence is normally accomplished by 
defining the product in terms of its structural features alone, with no 
reference in the claims to process steps whatsoever. The state of 
chemical tech nob 

description of this type to be made. The structure of some chemicals, 
especially those including elaborate polymer chains, cannot be accurately 
determined. The same chemicals, however, may be both economically 
valuable and technologically reproducible, in the sense that they can be 
reliably made by subjecting a particular set of raw materials to a particular 
set of process steps. 

The law reacted to these difficulties by making it easier to obtain 
traditional product protection over this special class of chemicals. The 
inventor was allowed to describe such a chemical in terms of how one 
gained possession of it, that is, by way of the process steps by which it 
was made. Once he did so, the law preserved to the inventor the fullest 
measure of product-only protection that it could; it treated the process 
recitations as proxies for the direct recitati ons of structure that could not 
be made. Such a claim was therefore equivalent to one stated in terms of 
structure only. It would broadly dominate ail methods by which the 
chemical could be made or used. At the same time, it carried the same 
dangers of running afoul of the art: it would be anticipated if the chemical 
had been produced previously, even if by a method other than what the 
inventor disclosed. 

1 Mov's Walk er on. Patents §4:74 (4th ed. 2008) (emphases added). 

The en banc court appears to misunderstand this precedent, for my colleagues 

now state that "binding case law" of the Court of Customs and Patent Appeals and the 

Court of Claims mandates a single rule for ail claims that contain any process terms, 
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whether the product is novei or known, citing in re Hughes , 498 F,2d 1216 (CCPA 



1974), for this proposition. However, Hughes does not state this proposition; Hughes 

stands for the contrary proposition. Sn Hughes the question was the patentability of 

claims directed to "shakes" as are used in roofing, as follows: 

12. Shakes manufactured from a shake bolt by the process of making a 
plurality of cuts into and across the shake bolt to an extent to establish 
predetermined tip lengths, and splitting the weather end portions of the 
shakes from the bolt by starting the splits at the inner ends of the cuts and 
continuing the splits to the end of the bolt. 

This claim had been rejected as an improper product-by-process claim, on the ground 

that the product couid be described without including process steps. The Hughes court 

acknowledged the general rule against product-by-process claiming, but also explained 

the "proper exception to the general rule" as first set forth in Painter , as follows: 

[T]he Commissioner of Patents enunciated the general rule that a product 
should not be defined in terms of the process of making it. In Painter , a 
proper exception to the general rule was found on the ground that the 
product could not be properly defined and discriminated from the prior art 
otherwise than by reference to the process of producing it. This basic rule 
and the exception have been recognized and followed continuously by the 
Patent Office and the Courts. 



Hughes , 498 F.2d at 1218 {quoting approvingly the Solicitors argument). The court 

reaffirmed that "in spite of the fact that a product~by-process claim may recite only 

process limitations, it is the product which is covered by the claim and not the recited 

process steps.'" Id. Contrary to my colleagues' statement, Hughes did not eliminate this 

form of claim, or change its role as a product claim. Indeed, the Hughes court applied 

the exception and reversed the Board's rejection of a product-by-process claim, stating: 

We agree with appellant that the [general] rule should not be applied to 
the situation before us. We have been shown no true product claim which 
describes appellant's invention, in the words of the solicitor, "in terms of 
structure or physical characteristics." When an applicant seeks to 



2007-1400, -1446 



15 



describe his invention by a product-by-process claim because he finds 
that his invention is incapable of description solely by structure or physical 
characteristics, it is incumbent upon the Patent Office to indicate where, or 
how, the applicant's invention is, or may be, so described. 

Id. at 1219. My colleagues could hardly have selected less apt support for their 

construction of product-by-process claims, for Hughes explicitly states that such claims 

are for the product, not the process. 

In addition to misstating precedent of the CCPA, the en banc court also 

mischaracterizes the decisions of our predecessor the Court of Claims, stating that the 

Court of Claims' decisions support todays ruling, The court cites Tri-Wail Containers v. 

United States, 408 F.2d 748 (Ct. CI. 1969), for this purpose. That citation, too, is 

mysterious, for in Tri-Wall Containers the court found that the claimed product was not 

"new" because it had been on sale for more than the permitted period, although the 

product that was on sale had been made by a different process than the process stated 

in the claim. The Court of Claims stated that the evidence showed that "the prior art 

product and the claimed product are structurally identical," id. at 751, and explained that 

a known product cannot be patented by including process terms in the claim: 

It is well established that a product claimed as made by a new process is 
not patentable unless the product itself is new. The Wood -Paper Patent, 
90 U.S. (23 Wall.) 566, 596, 23 L. Ed. 31 (1874). Cochrane v. Badische 
Anilin & Soda Fabrik P'BASFI . 111 U.S. 293. 311, 4 S. Ct. 455, 28 L. Ed. 
433(1984). . . . 

More recent cases point out that the addition of a method step in a 
product claim, which product is not patentably distinguishable from the 
prior art, cannot impart patentability to the old product. Jungerson v. 
Baden, 69 F. Supp. 922, 928 (D.C.S.D.N.Y. 1947), affd, 166 F.2d 807 (2d 
Cir. 1948), affd, 335 U.S. 560, 69 S. Ct. 269, 93 L. Ed. 235 (1949); In re 
Stephens , 345 F.2d 1020. 1023, 52 CCPA 1409 (1965). 
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Tri-Wall C ontainers, 408 F.2d at 750-51. This case applied the standard rule that old 



products cannot be patented — it contains no statement limiting the scope of claims that 
include process aspects to aid in describing new products. The Supreme Court cases 
cited in Tri-Wa!l are a!l directed to new processes for making old products — these are 
the same cases that the en banc court today incorrectly applies to new products, as i 
discuss post. 

Contrary to my colleagues' statement, CCPA and Court of Claims precedent do 
not support today's en banc thesis. Our predecessor courts understood the complexity 
of patenting, and the CCPA consistently implemented the expedient whereby process 
terms contributed to the description of complex new products of incompletely known 
structure. These courts recognized the independence of product claims for new 
products, and did not limit such claims to the specific process steps that were used to 
aid in describing the product. 3 

With the advent of the Federal Circuit, this court continued to apply these 
principles. In in re Thorpe, 777 F,2d 895 (Fed. Cir. 1985), the court explained that 



3 The en banc court impugns the CCPA's experience. Maj. op. at 18 
(stating that the CCPA had "virtually no jurisdiction to address infringement litigation"). 
The CCPA for many years addressed infringement litigation, in appeals from the 
International Trade Commission and its predecessor tribunals. Exl Sealed Air Corp. v. 
Int'l Trade Comm'n , 645 F.2d 976 (CCPA 1981) (issues of validity and infringement); 
Hale Fire Pump Co. v. Tokai, Ltd. , 614 F.2d 1278 (CCPA 1980) (issues of validity, 
scope, and infringement); In re Orion , 71 F.2d 458 (CCPA 1934) (issues of jurisdiction 
and infringement). 

Our predecessor's legal and scholarly distinction in the field of patent law, and 
the high regard in which Congress and the innovation communities held the 
jurisprudence of the CCPA were a critical foundation for formation of the Federal Circuit 
and its charge to reinvigorate the role of the patent system in service to the nation's 
technological innovation. See 125 Cong. Rec. 23,462 (1979) (statement of Sen. 
DeConcini) ("It is a reflection of high esteem which Congress has for the sitting judges 
of the Court of Claims and Court of Customs and Patent Appeals that these judges will 
become the first judges of the new Court of the Federal Circuit."). 
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product-by-process claims are anticipated when the product existed in the prior art, 
even if the product was made by a different process. My colleagues are mistaken in 
stating that Thorpe heid that all such claims are to be construed as process claims, 
even when the product is new and the rule of necessity justifies this mode of describing 
the invention. In Thorpe the product was not new; it was a known color developer for 
carbonless paper copy systems, and this court held that the PTO correctly rejected the 
claim to "the product of the process of claim 1," explaining that since the product was 
old it could not be claimed as a product, whether or not process steps are recited in the 
claim. 

The facts of Thorpe did not concern the exception and expedient where process 

terms are invoked to describe a new product of complex structure. This exception is 

rarely invoked. The general rule requiring claims to have a process-free definition of the 

structure of a new product accommodates most inventions. Some recent exceptions 

are seen in emerging aspects of biotechnology, For example, in Amgen, In c. v. Chuqai 

Pharmaceuticals Co. , 706 F. Supp. 94 (D. Mass. 1989), aff d in relevant part, 927 F.2d 

1200 (Fed. Cir. 1991), the district court considered the following claim: 

4. A procaryotic or eucaryotic host ceil transformed or transfected with a 
DNA sequence according to claim 1, 2 or 3 in a manner allowing the host 
cell to express erythropoietin. 

Id. at 108. The district court found claim 4 "ambiguous," explaining that while it is 

directed to a new product — this host cell— the words "transformed or transfected" 

appear to invoke a process. The district court recognized that !! [i]n the traditional patent 

framework, a product is wholly separate and distinct from a process." Id, at 107. The 

court observed that "[a] product patent gives the patentee the right to restrict the use 
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and sale of the product regardless of how and by whom it was manufactured," while "[a] 
process patentee's power extends on!y to those products made by the patented 
process." jdL (quoting United States v. Studienqesellschaft Kohle , 870 F.2d 1122, 1127- 
28 (D.C. Cir. 1981)). The district court, affirmed by the Federal Circuit, found this claim 
to be valid and infringed as a product claim, and although many issues and arguments 
were present in this litigation, the applicability of the venerable rule of necessity was not 
at issue. 

In Scripps Clinic & Research Foundation v. Genentech, inc. , 927 F.2d 1585 (Fed. 

Cir. 1991), the Federal Circuit addressed the interpretation and scope of claims 

exemplified by claim 13: 

13. Highly purified and concentrated VIII:C prepared in accordance with 
the method of claim 1 , 

Claim 1 set forth the method referred to in claim 13, as follows: 

1. An improved method of preparing Factor VIII procoagulant activity 
protein [VilLC] comprising the steps of 

(a) adsorbing a VIII:C/VIII:RP complex from a plasma or 
commercial concentrate source onto particles bound to a monoclonal 
antibody specific to VilkRP, 

(b) eluting the VMI:C, 

(c) adsorbing the VIN:C obtained in step (b) in another adsorption to 
concentrate and further purify same, 

(d) eluting the adsorbed VI!I:C, and 

(e) recovering highly purified and concentrated VII I :C. 

It was not disputed that the product was a new product, that the "highly purified and 
concentrated" blood clotting Factor VilhC had not previously been obtained, and that a 
complete structural identification of Factor VilliC was not available. The defendant 
Genentech had made its commercial Factor VllkC not by the method set forth in claim 
1, but by using a sample of the Scripps product to "done" Factor VIII:C protein using 
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recombinant DNA techniques. One question presented in the case was whether claims 
such as claim 13 were infringed by the same product produced by a different method, or 
whether such claims were infringed only if the accused infringer used the process of 
claim 1. 

Scripps stressed that its product was novel and enabled and was patentable as a 
product, although the full structure of Factor VMi:C was not available at that stage of the 
science. The court addressed whether claims exemplified by claim 13, properly 
construed, were product claims, or whether they were limited to the specific processes 
in the process claims to which they referred. This court held that the claims were 
product claims. The court held that since claims are construed the same way for 
infringement as for validity, the question was whether the Genentech product was the 
same as the claimed product, not whether they were produced by the same process. 
The court remanded to the district court for this factual determination. Scripps , 927 F,2d 
at 1584. 

After Scripps was decided, a pane! of this court decided an appeal concerning 
plastic innersoles for shoes. In Atlantic Thermoplastics Co. v. Favtex Corp., 970 F.2d 
834 (Fed. Cir. 1992), the claims at issue were represented by: 

Claim 24. The product produced by the method of claim 1 . 

In turn, claim 1 was as follows: 

1. In a method of manufacturing a shock-absorbing, molded innersole for 
insertion in footwear, which method comprises: 

(a) introducing an expandable, poiyurethane into a mold; and 

(b) recovering from the moid an innersole which comprises a 
contoured heel and arch section composed of a substantially open-celled 
poiyurethane foam material, the improvement which comprises: 

(i) placing an elastomeric insert material into the mold, the 
insert material having greater shock-absorbing properties and being 



2007-1400, -1446 



20 



less resilient than the moided, open-celled polyurethane foam 
material, and the insert material having sufficient surface tack to 
remain in the placed position in the mold on the introduction of the 
expandable polyurethane material so as to permit the expandable 
polyurethane material to expand about the insert material without 
displacement of the insert material; and 

(ii) recovering a molded innersole with the insert material 
having a tacky surface forming a part of the exposed bottom 
surface of the recovered innersole. 

The panel held that a claim in the form of claim 24 always requires use of the 

referenced method, and that it is irrelevant whether the product was new or known. The 

court stated that the rule of necessity, as applied in Scripps , is contrary to Supreme 

Court rulings. The panel stated that the decision in Scripps is incorrect. A majority of 

the Federal Circuit declined to resolve the conflict en banc, resulting in several further 

opinions. E.g. , Ajjantjc_TJieim^ 974 F.2d 1279 (Fed. Cir. 

1992) (dissents of Chief Judge Nies and Judges Rich, Newman, and Lourie from denial 

of rehearing en banc ). Judge Rich wrote: 

[T]his whole excursion was unnecessary because the patentee admitted 
that claim 24, the product-by-process claim, was limited to the process. 
The claim read: "The molded innersole produced by the method of claim 
1 ." There was, therefore, no occasion to review the law to determine how 
the claim should be construed. . . . We are not here to provide 
restatements of the law. Such restatements should not be made without 
an opportunity for all affected parties to be heard from. The affected 
parties here are not the vendors of inner soles but largely the entire 
chemical industry, particularly the pharmaceutical manufacturers. 

Id. at 1280 (Rich, J., dissenting from denial of rehearing en banc). 

Most trial courts continued to recognize the rule of necessity. For example, in 

Trustees of Columb ia University v. Roche Diagnostics GrnbH, 126 F. Supp. 2d 16 (D. 

Mass. 2000), the district court considered claims such as the following. 

72. A eukaryotic cell into which foreign DNA I has been inserted in 
accordance with the process of claim 54. 
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The court referred to the Scripps/ Atiantic conflict, concluded that the earlier pane! 

decision controlled under the Federa! Circuit's rule, see Newell Companies, Inc. v. 

Kennev Manufacturing Co. , 864 F.2d 757, 765 (Fed. Cir. 1988) {'This court has adopted 

the rule that prior decisions of a panel of the court are binding precedent on subsequent 

panels unless and until overturned in banc"), and applied the Scripps ruling, holding 

that the new cell was not limited by the process by which it was made. 

The PTO also continued to apply the rule of necessity. In instructing examiners 

that products should whenever possible be described without reference to how they 

were made, the PTO continued to point out the exception that patentability as a product 

is not foreclosed when independent description is not available. The Manual of Patent 

Examining Procedure (MPEP) instructs the examiner to consider the structure implied 

by any process steps in the claim: 

The structure implied by the process steps should be considered 
when assessing the patentability of product-by-process claims over the 
prior art, especially where the product can only be defined by the process 
steps by which the product is made, or where the manufacturing process 
steps would be expected to impart distinctive structural characteristics to 
the final product. 

MPEP §2113 (8th ed., July 2008 rev.). This has been the practice since at least Ex 
parte Painter in 1891. i am surprised at the en banc court's casual misstatement about 
"the treatment of product-by-process claims throughout the years by the PTO," maj. op. 
at 17, for the statement is directly contrary to the treatment of such claims throughout 
the years by the PTO. 

The en banc court's insistence that one universal rule should now be applied is 
contrary to the entire body of decisional law, including the Supreme Court cases cited 
by my colleagues. As I next discuss, in most of the cited cases the product was not a 
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new product and thus was not patentable as a product, whether or not any process term 
was included in the claim. The Court consistently held that when the product was old 
and only the process was a patentable invention, a claim for the "product of that 
process" could not cover the old product made by a different process. That is, and has 
always been, the law. ! comment briefly on the Court's cases that my colleagues 
misinterpret and misapply: 
Cochrane v. BASF 

The en banc opinion relies primarily on Cochrane v. Badische Anilin & Soda 

Fajbrik, 111 U.S. 293 (1884) ("BASF"), even though my colleagues acknowledge that 

the product in that case was the well-known dye alizarine. The patent before the Court 

was a reissue patent that claimed artificial alizarine in the following way: 

Artificial alizarine, produced by either of the methods herein described, or 
by any other method which will produce a like result. 

The Court held that since alizarine was a known product, the claim was limited to the 

patentee's two processes, stating: 

It was an old article. While a new process for producing it was patentable, 
the product itself could not be patented, even though it was a product 
made artificially for the first time, in contradistinction from being eliminated 
from the madder root. Calling it artificial alizarine did not make it a new- 
composition of matter, and patentable as such, by reason of its having 
been prepared, artificially, for the first time, from anthracite, if it was set 
forth as alizarine, a well-known substance. Wood Paper Patent. 23 Wall. 
560, 593 [(1874)]. There was therefore no foundation for reissue No. 
4,321, for the product, because, on the description given, no patent for the 
product could have been taken out originally. 

111 U.S. at 311-12. The Court accordingly limited the claim to the two processes 

described in the patent, and in the portion of BASF quoted by my colleagues, the Court 

discussed the proofs needed to show infringement: 
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[Ujnless it is shown that the process of [the specification] was followed to 
produce the defendants' article, or unless it is shown that the article could 
not be produced by any other process, the defendants' article cannot be 
identified as the product of the process of [the specification]. Nothing of 
the kind is shown. 

Id. at 310. The Court did not state, or imply, despite my colleagues' contrary theory, 

that a claim to a new and complex product that is of necessity defined and distinguished 

by the process by which it was made, can never be infringed unless that specific 

process is practiced. There was no issue in BASF of a product that could not be 

defined without reference to how it was made. The BASF Court, providing guidance, 

remarked on the importance of independent description of a patented product, in the 

following sentence cited by my colleagues: 

Every patent for a product or composition of matter must identify it so that 
it can be recognized aside from the description of the process for making 
it, or else nothing can be held to infringe the patent which is not made by 
that process. 

Id. at 310. This statement is indeed the genera! rule, as stated by the Patent 
Commissioner several years later in Ex,j?aite,,Pajnter . However, BASF did not present 
the situation for which the expedient of necessity was created, for as the Court stated, 
the invention was "a process for preparing alizarine, not as a new substance prepared 
for the first time, but as the substance already known as alizarine, to be prepared, 
however, by the new process, which process is to be the subject of the patent, and is 
the process of preparing the known product alizarine from anthracine." Id. at 308-09. 

This was not an instance of a new product describable only in terms of its 
process of manufacture. The BASF decision lends no support to today's en banc rule 
that every product claim that mentions a process step is always restricted to that 
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process, with no exception, no expedient, no preservation of the distinctions among 
forms of claim based on the nature of the invention. 

The en banc court also states that its new ruling is supported by two cases 
relating to a patent on the use of vulcanized rubber to form a plate for holding dentures, 
Smith v. Go odyear Dental Vulcanite Co., 93 U.S. (3 Otto) 486 (1876), and Goodyear 
Dental Vulcanite Co. v. Davis , 102 U.S. (12 Otto) 222 (1880). Review of these cases 
reveals no support for the en banc court's statement of their holdings. The claim at 
issue was: 

The plate of hard rubber or vulcanite, or its equivalent, for holding artificial 
teeth, or teeth and gums, substantially as described. 

Davis, 102 U.S. (12 Otto) at 223. The claim was written in the then-standard format of 

incorporating the description in the specification through the phrase "substantially as 

described." This was not a product-by-process or product-of-the-process claim at all, 

for the claim contains no process distinction or limitation, but simply refers to the 

description in the specification. Nonetheless, the en banc majority appears to state that 

these cases mean that the Supreme Court requires that all claims for products whose 

method of production is set forth in the specification — as is required by the description 

and enablement requirement — cannot be infringed unless that method is used. 

That is not what the Goodyear Dental cases said. The Court referred to the 

position of Goodyear Dental Vulcanite that its patent covered all dental plates made of 

vulcanized rubber, and held, upon reviewing the specification and the prior art, that the 

process of manufacture was what distinguished this dental plate from the prior art dental 

plates, and concluded: "The invention, then, is a product or manufacture made in a 
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defined manner. It is not a product aione, separated from the process by which it is 

created." Smith , 93 U.S. (3 Otto) at 493. Were the claim not limited to this process, the 

Court concluded that the claim would not have been patentable. See id. at 492 (holding 

that if the patent were for a "mere substitution of vulcanite for other materials, which had 

previously been employed as a base for artificial sets of teeth" then it "constituted no 

invention"). Four years later, considering the same patent in Davis, the Court 

emphasized that the claim was limited to use of vulcanized rubber or its equivalent, and 

held that since the accused infringer made its denial plate with celluloid, there could not 

be infringement. See 102 U.S. (12 Otto) at 228-30. 

The court today cites these cases as definitive of the interpretation of claims with 

process elements, although the only process referent is the phrase "substantially as 

described." This flawed reasoning was disposed of in 1890 in the classic Robinson on 

Patents, and until now has not reappeared: 

In stating Claims certain phrases are frequently employed to which a 
special importance seems to be attached by applicants. Among these are 
the phrase "substantially as described" and others of the same meaning. 
These phrases import the same thing when used in a Claim as when 
elsewhere employed. They are neither necessary nor technical. The 
reference they make to the Description is always implied, and relates only 
to the essential features of the invention as therein delineated. They add 
nothing, therefore, to the certainty of the Claim, nor do they detract from it 
unless the claimant carelessly inserts them as a substitute for a more 
clear and definite statement of his invention. 

II W.C. Robinson, Robinson on Patents 517 (1890) (footnotes omitted). 

Merrill y. Yeomans 

My colleagues also rely on Merrill v. Yeomans . 94 U.S. (4 Otto) 569 (1877). 
Again, the relevance is remote. The Merrill Court explained that the issue was the 
"correct construction of plaintiff's patent," id. at 569, construing the following claim: 
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[T]he above-described new manufacture of the deodorized heavy 
hydrocarbon oils, suitable for lubricating and other purposes, free from the 
characteristic odors of hydrocarbon oils, and having a slight smell like fatty 
oil, from hydrocarbon oils, by treating them substantially as hereinbefore 
described. 

Id. at 570. The Court examined the specification to determine what was invented, and 
found that the invention was directed solely to a process, not to a product. The Court 
then concluded that the claim's usage "new manufacture" referred to the manufacturing 
process, and not to the product. The claim was thus a process claim, and no "product- 
by-process" issue was presented. The Court concluded that the defendant's oil, which 
was made by a different process, did not infringe. 

The Merrill Court discussed its practice of looking to the patent application and 
interpreting the claim in light of what was "really invented": 

[Wjhere it appears that a valuable invention has really been made, this 
court, giving full effect to all that is found in the application on which the 
Patent Office acted, will uphold that which was really invented, and which 
comes within any fair interpretation of the patentee's assertion of claim. 

Id. at 573. This approach is inimical to the en banc court's theory that it is irrelevant 

what the patentee describes as his invention, and that if a process step is mentioned in 

the claim or "substantially described" in the specification, the claim always requires 

performance of that step. Although the Court in Merrill was not confronted with a 

situation of indescribable product or necessity bred of complexity— indeed no product at 

all was claimed — neither did the Court hold that every product invention must be limited 

by the process that produced the product. 

The Wood Paper Patent case 

The list of Supreme Court cases relied on by my colleagues continues with The 

Wood Paper Patent , 90 U.S. 566, 596 (1874), where claims with the standard 
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"substantially as described" language were construed in two reissue patents relating to 
the pulping of wood to make paper. The Court explained that one reissue patent was 
for "a product or manufacture, and not for the process by which the product may be 
obtained," and the other "for a process and not for its product." Id. at 593. The Court 
examined the prior art and concluded that the claim for the product could not be 
sustained, because the product produced by the inventor's new pulping process was 
not new: 

Paper-pulp obtained from various vegetable substances was in common 
use before the original patent was granted to Watt & Burgess, and 
whatever may be said of their process for obtaining it, the product was in 
no sense new. The reissued patent, No. 1448, is, therefore, void for want 
of novelty in the manufacture patented. 

Id. at 598. The Court then discussed the reissue patent for the "process and not for its 

product," and held this reissue void because it claimed a different invention than in the 

original patent. The Court also discussed several other patents directed to boilers used 

to produce paper-pulp, and to a process for bleaching straw. Nothing in this case 

concerns the product-by-process issue on which the court is today acting. 

I cannot discern why the en banc court relies on The Wood Paper Patent case as 
invalidating Scripp s, and the court has not attempted to explain. 
Plummer v. Sarg ent 

The en banc court also relies on Plummer v. Sargent, 120 U.S. 442 (1887), 
which again provides no support for my colleagues' thesis. This case again illustrates 
the Court's practice of reviewing what the patentee stated he invented as set forth in the 
specification in light of the prior art. The claim in Piummer was for a "new manufacture," 
"substantially as described": 
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What ! claim and desire to procure by letters patent is the new 
manufacture hereinabove described, consisting of iron ornamented in 
imitation of bronze by the application of oil and heat, substantially as 
described. 

Id. at 445, The trial court had found non-infringement because the defendant had used 

a prior art process for bronzing iron. This prior process was work of F.W. Brocksieper, 

an employee of the defendant's predecessor company. The Supreme Court affirmed, 

stating that the claims were limited to the process described in the specification: 

It seems necessarily to follow from this view either that the Tucker patents 
are void by reason of anticipation practiced by Brocksieper, or that the 
patented process and product must be restricted to exactly what is 
described .... 

Id. at 449. The Court thus limited the claims to the process described by the patentee, 
not because of any rule about limiting a product to how it was made in the specification, 
but to sustain validity of the patent in view of the Brocksieper prior art. The decision in 
Plummer is unrelated to any rule of claim construction based on whether process terms 
are included in the claim. 

These nineteenth-century cases do not relate to the en banc court's new 
universal rule of claim construction, whereby all product claims having process terms 
are treated as process claims, whatever the nature of the product, whatever the need 
for process descriptors, or any other factor that precedent shows to be relevant to the 
exception that is here at issue as to the use of and construction of such claims. Nor do 
any more recent Court cases. 
General Electric v. Wabash 

My colleagues also cite General „ Electric Co. v. Wabash Appliance Corp. , 304 
U.S. 364 (1938), although the relevance of this case is, again, not apparent, for it 
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involved no product-by-process claims, but rather claims that recite the properties of the 

product. A typical claim is claim 25, which describes an electric lamp filament 

composed of tungsten grains of a size and shape that prevents sagging of the filament: 

25. A filament for electric incandescent lamps or other devices, composed 
substantially of tungsten and made up mainly of a number of 
comparatively large grains of such size and contour as to prevent 
substantial sagging and offsetting during a norma! or commercially useful 
life for such a Samp or other device. 

Id. at 368. The Court held this claim "invalid on its face" for failing to provide a "distinct 

and definite statement of what he ciaims to be new, and to be his invention." Id. at 369. 

The Court stated that the description of the grains as "of such size and contour as to 

prevent substantial sagging and offsetting" was "inadequate as a description of the 

structural characteristics of the grains." jd. at 370. The Court also criticized the use of 

functional language in the claim, stating that such terms were too indefinite to provide 

clear guidance. Id. at 371 . There was no issue of whether process steps in the claims 

were regarded as limiting, for there were no process steps in the claims. Instead, the 

Court stated that even the implicit inclusion of process steps could not save the claim, 

because the description of the process in the specification was inadequate: 

Even assuming that definiteness may be imparted to the product claim by 
that part of the specification which purportedly details only a method of 
making the product, the description of the Pacz process is likewise silent 
as to the nature of the filament product. 

Id. at 373. The Court held the patent invalid for Sack of a "distinct and definite" 

description of the invention, for the court "doubted whether one who discovers or 

invents a product he knows to be new wiH ever find if impossible to describe some 

aspect of its novelty." id. Whatever the inadequacies in the Pacz description of his 

invention, the Court's optimistic view of scientific capability cannot be deemed to have 
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barred all recourse to the rule of necessity when it is warranted, or to have voided the 
ensuing seventy-one years of Patent Office and judicial recognition of this pragmatic 
expedient. 

No Supreme Court case discussed the problems of complexity and structural 
analysis that warrant this expedient, or created a legal solution to these problems. It is 
inappropriate, unsupported by law or precedent, and contrary to the purposes of patent 
systems, for this court now to rule that such products cannot be patented as products. 
Regional circuit decisions 

My colleagues also rely on some decisions of the regional circuits preceding this 
court's formation, announcing that "our sister circuits also followed the general rule that 
the defining process terms limit product-by-process claims," and citing two cases, one 
decided in 1915 and one in 1977. These cases do not support the en banc court's 
opinion, 4 and raised no issue of an expedient based on necessity. 



4 It is curious to observe this en banc court extolling decisions of the 
regional circuits as authoritative, while it disregards the decisions of our predecessor 
courts and of this court. This court was created to remove patent law questions from 
the regional circuit courts. See H.R. Rep. 96-1300, at 20 (1980) ("Directing patent 
appeals to the new court will have the beneficial effect of removing these unusually 
complex, technically difficult, and time-consuming cases from the dockets of the 
regional courts of appeals. . . . [Tjhe central purpose is to reduce the widespread lack of 
uniformity and uncertainty of legal doctrine that exist in the administration of patent 
law."); see also Federal Courts Improvement Act of 1979: Hearings Before the 
Su beam m . on Improvements in Judicial Machinery of the Comm. on th e J u d icia ry . U . S . 
Senate , 96th Cong. 197 (1979) (statement of Hon. Henry J. Friendly) ("What is needed 
is a group of judges, some but not all patent Sawyers, with scientific training and interest, 
aided both by law clerks of similar bent and by a staff of experts in a variety of 
technologies, such as the Court of Customs and Patent Appeals has had for years and 
the courts of appeals in the very nature of things, cannot . . . "). To cite two regional 
circuit decisions, while jettisoning the precedents of the court uniquely qualified to 
address patent questions and selected to supplant the regional circuits, is puzzling. 
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in Hide-ite Le ather Co. v. Fiber Products Co. , 226 F. 34 (1st Cir. 1915), the 
appeal was of two process claims for making leatherboard, and a product claim for 
leatherboard "made from pulp" and reciting the second step in the process claims plus 
the reference "substantially as described." The accused infringer did not use the same 
first step of the process. The court found that the invention was for a process, not a 
product, and therefore that the product claim was not infringed. 

My colleagues also cite Paeco, Inc . v. Applied Moldings, Inc. , 582 F.2d 870, 878 
(3d Cir. 1977), in which the court used the specification to resolve an ambiguity in the 
language of a product claim relating to "replica wooden beams" made of foamed 
urethane. The court reviewed whether ambiguous claim language required a closed or 
open moid, for this determined the question of anticipation based on a prior art 
reference that used an open mold. Thus the court stated that the manufacturing 
process described in the specification was "of paramount importance," and construed 
the claim in light of that process as requiring a dosed mold, thus preserving the claim's 
validity as against the prior art that used and open mold. The sentence quoted by my 
colleagues out of its context, does not reSate to the en banc court's new rule concerning 
process terms in product claims, and the Paeco case raised no question of whether the 
product was capable of description apart from the process. 

In addition to these two cases inaptly cited by the en banc court, other regional 
circuit decisions also contradict this court's new thesis. In Dunn Wire-Cut Lug Brick Co. 
v. Toronto Fire Clay Co., 259 F. 258 (8th Cir. 1919), the court stated: "Certain it is, in 
view of the weight of authority and the latest decisions, that the inventor of a new and 
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useful product or article of manufacture may have a patent which covers it and gives a 
monopoly upon it regardless of great variations in the method of making." Id. at 261 . 

In Buono v. Yankee Maid Dr ess Corp., 77 F.2d 274 (2d Cir. 1935) (L. Hand, J.), 
the court held invalid a product ciaim for a kind of "blind stitch" used in sewing, because 
the invention lay only in the process of producing the stitch, which itself "was not new." 
Id. at 279. While the stitch had not been claimed as the product of a particular machine 
or process, the court remarked on the conceivability of patenting such a product "merely 
as the product of a machine or process, even though it were anticipated if made in other 
ways," id., observing that such a claim might serve a useful purpose in protecting 
against products that were produced by the same machine or process abroad and then 
imported. Of such a claim, wherein the product itself was anticipated but the process 
was new, the court stated "it would in that case not be Infringed by anything but the 
product of the . . . process." jdL This routine statement of established law does not 
mean that when the product is itself new and useful and unobvious, it cannot be claimed 
as a product but must be tied to the machine that made it. 

Judge Hand emphasized that this example related only to situations where the 
product itself was not new. The opinion explained that to be claimed as a product, the 
product "must be new as such, that is, regardless of the process or machine which 
makes it; and it must stand upon its own invention, again independently of the machine 
or process which makes it." Id. This was also the CCPA's view of product claims, 
providing the precedent carried forward to, and binding upon the Federal Circuit. 5 



b There has been extensive commentary on this class of claim. See, e.g. , 
Jon S. Saxe & Julian S. Levitt, Product-bv-Process Claims and Their Current Status in 
Chemical Patent Office Practice , 42 J. Pat. Off. Soc'y 528, 559 (1960) ("Except in the 
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Ill 

THE EN BANC RULING 

Defying precedent, the en banc court adopts for all situations "the basic rule that 
the process terms limit product-by-process claims," maj. op. at 17, whether the product 
is novel or known, and whether or not the new product could not have been fully 
described by its structure alone. The court eliminates the long-accepted expedient for 
new products whose structure is not fuHy known. While the Scripps decision is the only 
decision that is mentioned as "expressly overruled," maj. op. at 17, Scrspps is only one 
of many cases now discarded. 

The en banc majority's response to the dissenters is to state that "the inventor is 
absolutely free to use process steps to define this product" if its "structure is either not 
fully known or too complex to analyze," maj. op. at 19, but to eliminate the premise that 
the inventor thereby obtains a product claim, not a process claim. According to the 
majority, a patentee can continue to obtain product claims using process descriptors, 
but such product claims are treated as process claims for infringement. The applicant 
would still have to demonstrate patentability of the new product as a product 
(independent of the process), while enforcement of the patent against an identical 
product would be limited to the infringer's use of the process steps used as a descriptor. 
For the first time, claims are construed differently for validity and for infringement. 

chemical arts, a claim to a product must be in terms of the product's objective physical 
and chemical characteristics; but where these are unknown or impossible to express, a 
claim may define a product in terms of the process by which it is made. This product- 
by-process exception is to be distinguished from the use of process terminology as 
descriptive of a state of being."); Brian S. Tomko, Scrspps or Atlantic: The Federal 
Circuit Squares Off Over the S cope of Product-b y-Process Patents , 60 Brook. L. Rev. 
1893, 1696 (1995) (the Atlantic decision "pared the scope of a product-by-process 
patent to that of a glorified process patent"). 
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It has been an inviolate ru!e that patent claims are construed the same way for 
validity and for infringement. See, e.g., Amgen Inc. v. Hoechst Marion Roussel, Inc. , 
324 F.3d 1313, 1330 (Fed. Cir. 2003) ("It is axiomatic that claims are construed the 
same way for both invalidity and infringement."); Amazon.com, Inc. v. 
Barnesandnoble.com, inc., 239 F.3d 1343, 1351 (Fed. Cir. 2001) ("Because the claims 
of a patent measure the invention at issue, the claims must be interpreted and given the 
same meaning for purposes of both validity and infringement analyses."); C.R. Bard, 
Inc. v. M3 Systems, Inc. , 157 F.3d 1340, 1363 (Fed. Cir. 1998) ("Claims must be 
interpreted the same way for determining infringement as was done to sustain their 
validity."); Southwali Technologies, Inc. v. C ardinal IG Co. , 54 F.3d 1570, 1576 (Fed. 
Cir. 1995) ("Claims may not be construed one way in order to obtain their allowance and 
in a different way against accused infringers."); Beachcombers, International, Inc. v. 
WildeWood C reative Products, Inc., 31 F.3d 1154, 1163 (Fed. Cir. 1994) ("We have 
already interpreted the claims for purposes of assessing their validity. The same claim 
interpretation of course applies to the infringement analysis."); Scripps C linic & 
Research Foundation v. Genentech. Inc. , 927 F.2d 1585, 1583 (Fed. Cir. 1991) ("claims 
must be construed the same way for validity and for infringement"): Smithkline 
Diagnostics, Inc. v. Helena Laboratories Corp. . 859 F.2d 878, 882 (Fed. Cir. 1988) 
("The claims of the '970 patent measure the invention at issue; thus, the claims must be 
interpreted and given the same meaning for purposes of both validity and infringement 
analyses."); see also 5A Chisum on Patents §18.01 (2007) ("A fundamental tenet of 
patent law is that a claim must be interpreted consistently for purposes of infringement 
and validity."); jd. §18.03[2][h] (collecting cases). 
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As interpreted for validity, the claims obtained under the expedient of necessity 
are product claims, and are subject to the requirements of novelty, unobviousness, and 
al! other requirements for new products, independent of how the products can be made. 
My colleagues hold that these are product claims for validity, but process claims for 
infringement. Departure from the rule that forbids such deviation requires sound 
reason, and fuller exploration than the cursory brush-off dispensed by my colleagues. 

I do agree with my colleagues that their logic is "simple." Ma], op. at 19. 
However, today's inventions are not simple. The needs of inventions of the past and 
present, and more so the future, are not simple. The public interest in invention and 
development of today's complex sciences, is not simple. The en banc court's "simple" 
hypothetical about "compound X, obtained by process Y," is simply irrelevant to the 
issues we must resolve. Scientists know that it is often easier to show that two products 
are the same, than to decipher their chemical or biological structure; for example, in the 
case at bar, comparing the X-ray diffraction patterns and absorption spectra could show 
that the products are the same, although their exact crystal structure is undefined. 
However, my colleagues announce that the only way to establish whether the accused 
compound is the same as the patented compound is by inquiring whether they were 
prepared by the same method. Maj. op. at 19-20 ("[WJhat analytical tools can confirm 
that the alleged infringer's compound is in fact infringing, other than a comparison of the 
claimed and accused infringing processes?"). That question has many answers, now 
stated to be irrelevant. 

While the section of this opinion decided by the en banc court is largely directed 
to its reversal of precedent, the implementation of its ruling remains with the original 
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panel. The pane! decision enlarges the en banc ruling, further binding this court. The 
claims at issue state processes by which the new crystal form is "obtainable," although 
the specification states that other methods might be used. The pane! rules that a claim 
"cannot capture a product obtained by or obtainable by processes other than those 
explicitly recited in the claims." maj. op. at 21, finding authority in BASF, which I have 
discussed ante. My colleagues thus continue to misapply the Court's ruling in BASF , 
where the Court stated repeatedly that the product in that case was a known product. 
BASF , 111 U.S. at 311 ("It was an old article."). In BASF the Court responded to the 
patentee's argument that it was entitled to cover ail artificial alizarine made by any 
process, by observing that the patentee had not shown how the infringing and patented 
products "can be recognized," id. at 310, an aspect at the opposite pole from the case at 
bar, where the patentee provided elaborate details as to how the patented and accused 
crystal forms can be recognized. 

The panel also states that "the applicant's statement in the file wrapper that 'the 
method of preparation ... is not considered the heart of the present invention' should 
not be afforded undue gravitas." Maj. op. at 22. This too is an aberration of precedent, 
and is contrary to the many rulings of the Supreme Court and this court that afford due 
gravitas to the applicant's statement of what has been invented. See, e.g. , BASF , 111 
U.S. at 308 ("It is very p!ain that the specification of the original patent, No. 95,465, 
states the invention to be a process for preparing alizarine, not as a new substance 
prepared for the first time, but as the substance already known as alizarine, to be 
prepared, however, by the new process, which process is to be the subject of the 
patent . . . ."); Piummer v. Sargent , 120 U.S. at 443 (quoting specification of companion 



2007-1400, -1446 



37 



patent, where inventor stated "My invention consists in a process of covering iron with a 
very thin coating of oil, and then subjecting it to heat, the effect of which is to leave upon 
the iron a firm film, which is very durable, and gives the iron a highly ornamental 
appearance, like that of bronze"). The Federal Circuit's emphasis on the importance of 
the specification has been repeatedly stated. E.g. , Phillips v. AWH Corp., 415 F.3d 
1303, 1315 (Fed. Cir. 2005) (en banc) ("[Tjhe specification is always highly relevant to 
the claim construction analysis. Usually, it is dispositive; it is the single best guide to the 
meaning of a disputed term." (internal quotation marks omitted)). 

The en banc court appears to misjudge the implications of its ruling, for the court 
states that it is now making available to "others the right to freely practice process Z [a 
different process] that may produce a better product in a better way." Maj. op. at 20. if 
others can indeed make a better product, this expedient presents no impediment. That 
is not the issue of this case. The issue is the right to make the same product, by 
making a process change that does not change the product. By now assuring that right, 
the exclusionary value of the claim to a new product is lost. 

The purpose of the rule of necessity is to allow inventors of complex new 
products to obtain the patent scope to which their invention is entitled — the scope of the 
novel product they invented, no more and no less. The majority's change of law simply 
imposes unfairness as well as legal error on patent-supported advances. 

SUMMARY 

Precedent establishes that the correct construction of claims that recite process 
steps depends, like all claim construction, on what has been invented. No single rule 
fits all inventions. The construer must view the claims in Sight of the description of the 



2007-1400, -1446 



38 



invention in the specification, the prior art, and the prosecution history, in the complex 
law and practice of patents and inventions, the special expedient here of concern arises 
when the precise structure of a new product is not known from the information available 
when the patent application was filed. The Saw has enabled and endorsed this 
expedient of describing a product in order to daim it as a product, whereby validity and 
infringement are determined as a product, independent of any process term that was 
used to aid in defining the product. This expedient does not enlarge patent scope; it 
simply permits patenting what has been invented. A narrow but clear body of law has 
evolved to accommodate this need of complex technologies. This entire body of law is 
today overturned, sua sponte and without a hearing, without any participation of those 
affected, without identification of the intended benefits. I respectfully dissent from the 
en banc court's rulings, as well as the procedure by which they were reached. 
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LOURIE, Circuit Judge , dissenting from en banc Section III. A. 2. 

I respectfully dissent from the court's en banc holding in Section III. A. 2 that 
product-by-process claims always require use of the recited process in order to be 
infringed. 

I agree that there is substantial Supreme Court precedent that holds that product- 
by-process claims require use of the recited process for there to be infringement. 
However, many of those cases applied overly broad language to fact situations 
involving old products or used vague ianguage that makes it difficult to determine 
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whether the products were old or new, Clearly, however, when a product is old, a 
product-by-process claim cannot be interpreted as a claim to the product made by any 
means. The product is old and unpatentable per se. BASF in fact involved an old 
product. See Cochrane v. Badische Anilin & Soda Fabrik , 111 U.S. 293, 311 (1884) ("It 
was an old article."). 

There is arguably a different situation that should apply to chemical-biological 
products today than to mechanical products of more than a century ago. When a 
product is new and the inventor claims if by a process of preparation, I fail to see why 
the product-by-process claim should not be interpreted as a product claim that can be 
infringed even when the product is made by means other than that recited in the claim. 
Supreme Court precedent dealing with old products, while utilizing broad language, 
does not foreclose that possibility. The Court years ago did not have occasion to 
consider today's innovations or decide whether a distinction should be made between a 
new chemical-biological product and an old product made by a new process. 

And there may be differing results depending upon the exact wording of a claim 
at issue. For example, a claim reading "when made by" might only be infringed when 
the recited process is used by the accused, as it is situational. On the other hand, a 
claim reading "obtainable by" refers to capability, so it might not require use of the 
process to infringe. "Obtained by" is ambiguous. Bright lines have their uses, but 
judging should take account of differing circumstances. In addition, of course, in order 
to sustain any claim for infringement, a patent owner must prove that an accused 
product is the same as that covered by an asserted claim. If the reason a product was 
claimed by its process was that its structure was unknown, then, if, at the time 
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infringement is asserted, there still is no means to ascertain structurally whether the 
accused product is the same as that claimed, the infringement claim fails. However, 
that should not mean that a new product claimed by a process of preparation cannot 
ever be infringed when made by another process. 

It may be that with today's analytical techniques there is little need for product- 
by-process claims. After all, claim 1 of the Abbott patent is a claim to a compound, not 
only by name, but also by certain of its characteristics. A claim to a product defined by 
its characteristics or properties surely is a proper claim. 

However, product-by-process issues stili seem to come before us and I would 
make a distinction between old products and new products in interpreting product-by- 
process claims. Accordingly, I respectfully dissent from the court's en banc holding. 
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Two attenuated vaccines, Ingeivac PRRS MLV and Ingeivac PRRS ATP, derived from VR2332 and JA142, 
respectively, have been used to control porcine reproductive and respiratory syndrome (PRRS) virus. However, 
there have been severM field rejsorfs concerning the (version of the vaccine virus fit virulence, i 'urifccrmoirc, viruses 
genetiealh. indistinguishable from the vaccines and wild-lyp. parental vis uses have been det< cted in clinical PRRS 
cases, raising the need for a better differential tool As the vaccine viruses replicated tetter and produced hig«er 
plaques in MARC-145 cells than did the wild-type pjtrenin! strains the toMow ing study was conducted to determine 
if the growth difference in MARC-145 cells can be utilized to differentiate a vaccine-like virus fYLV< from a wild-type 
virus and to identify genetic markers corresponding to such phenotype of the vaccine viruses. The rclaledncss of 83 
field isolates collected between 1996 and 2005 to VR2332 and JA142 was classified geneticallj and antigenically. 
Thirteen of 25 VR2332-related viruses and 9 of 10 JA142-related viruses were determined as VLVs. since those 
viruses produced plaques similar to those by the vaccine viruses. Four unique amino acids each were identified 
throughout structural genes for MLV and ATP. Among those, F 10 in open reading frame 2 (ORF2) of MLV and E ss 
and Y' 65 in ORF3 of A TP were stable during pig passages. When the sequences unique for MLV were incorporated 
into an infectious clone constructed based on VR2332, the virus growth and resultant plaque state in MARC-145 cells 
were increased, suggesting thai these sequences can be used as genetic markers tor VLVs. 



Porcine reproductive and respiratory syndrome (PRRS) is 
characterized by reproductive failure in breeding animals and 
respiratory distress in all ages of pigs ( 1 , 3). The syndrome was 
first reported in the United States in 1987 (11). The causative 
agent of PRRS was, however, isolated first in The Netherlands 
in 1991 and named "die ! elyMnd v n us. the European prototype 
PRRS virus (PRRSV). Isolation of VR2332, the North Amer- 
ican prototype PRRSV, was subsequently reported in 1992 (3). 
North American PRRSV (type II) and European PRRSV 
(type i) share !t'-s than 1\<", s cm \ an i 

two distinct genotypes and serotypes of PRRSV (6). 

PRRSV is a small, enveloped v.rus and belongs to the family 
Arteriviridae in the order Nidovi rales. PRRS virion contains a 
posdn i sure s i I \ _ i i I [ \ i ■> 1 1 1 i 
length. The genome encodes a: leas; nine open reading frames 
(ORFs) (2, 7). ORFla and -lb encode nonstructural proteins 
required lor virus replication (2), OR! '2a. -3. and -4 encode 
live v vjy, sylal i >r envoi proteins signate GP2, 
-3, aid -I respectively, white OKI ~h which is completely 
embedded in OKI 2a. encodes a i * i _d minor enve- 
lope protein named 2b, which is equivalent to E protein of 
equine arteritis virus (24). ORFS, -6, and -7 encode the major 
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envelope (GPS or E), membrane (M), and nucleoeapsid (N) 
proteins, respectively (7). 

PRRS has been identified worldwide and caused a signifi- 
cant economic loss to the swine industry. The economic impact 
of PRRS to U.S. swine producers has been estimated at an 
approximate $560 million loss per year ( 19). in response to the 
economic significance of PRRS, two attenuated live-virus vac- 
cines (Ingeivac PRRS MLV and Ingeivac PRRS ATP) have 
been used most to control the disease (12), Ingeivac PRRS 
MLV (hereafter "MLV") vaccine, which was derived from 
VR2332 after sequential passage of the vims in a monkey 
kidney ceil line (CL2621), was first introduced to the U.S. 
market in 1996 (16). This vaccine has been demonstrated to 
reduce the rate of PRRSV-assoclated reproductive failure in 
sows and lessen clinical symptoms in younger pigs (8, 1.8). 
Nonetheless, a severe Com! oi PURS (a.k.n. acute or atypical 
PRRS), which was described as "abortion storm'* or "sow mor- 
tality syndrome," has been reported tor MLV-vaccinated 

ii i 1 i ( I i I t i < i i . n t t 

pigs resulted in the introduction of the Ingeivac PRRS ATP 
(hereafter "ATP' ) vaccine, which is made of an attenuated 
derivative of JAI42, to the market in 2000 (12). The JA142 
strain was irtiliuih is. e.in.d id en a -e\c it a bo; : lot; storm ease in 
Iowa in 1997 (17). 

Mikc the v....oivs ns^ n\._ \jj e. ev.ii though attenuated, 

e reve i icei s % to viruiena s been 3 c jncern 
and was documented by Danish pig producers after the MLV 
vaccine was introduced to Denmark in 1995 as part of the 
national PRRS control program. Alter the introduction, vi- 
ruses closely related to the Ml V vaccine virus were isolated 
from clinically ill pigs in 1996 (16). Since no North American 
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Danish experience, the diifercfidaiioi; ol'somc field isoiaies of 
PRRSV h. -pi w iid- ty;x parental arid i tec me viruses I: is been 
challenging in die U.S (21) due io the antigenic and :>eiie!;c 
similarity between ' .a t ccint and c l J -type parental viruses 
I A lew naaccnlar ss . as sca.iaeiieing or restriction 

i 1 i ] i i analysis, ban I seethe s. 

e diffe'^rU i . i ss ever, a great num- 



ber of 1 
from bo 



:ld i 
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strain have been 
ases (29), raising 



Due to the fad that Hie vaccine vims was attenuated by se- 
quent! I [ S I cs 111 I i ] 

much better in MARC- 145 cells, a highly permissive done of 
African monkey kidney cell line MA 104 (13), (ban in their wild- 
iype pare n 1 i s s ccciitK * s > i ced a i 

laboratory that the vaccine virus produced a significantly bigger- 
sized plaque in MARC- 145 cells than what was seen for their 
parental strains. Tire following study was to evaluate if the differ- 
ence in growth chaise u Lsiics i pht > c x tv e en the vac- 
cine strains and their wild-type parental viruses in MARC-145 can 
be utilized to aid strain differentiation by compensating for the 
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PRRSV). Furthermore, the utility of such sequence elements as 
surrogate markers for the rapid detection of vaccine-like viruses 
(VLVs) was assessed. 

MATERIALS AND METHODS 
Study fievijiit. iacici isolates in S3) of I'tskSV won/ classified into the 



were collected sepa 



n n i r ^ t i .a,, mw 

of 0.01. After .. i hem eo.iuon al wi (i , l::loii « . :lis. o.iui-d and the 

k . N e Ii Ri'Mt i «i 1 medium. One II si .it \;.CRC - 1 45 colls 

inoculated with ■ a. h I w.i, in - n .n (>. 12. and >4 h and thereafter every 24 h 

unlit 4 days pa. After three naiads o; licc/eoliav, ias .a Si! (' and 37 'C. rv- 
MXCthcK. ; hs o II culture litad - .> hue s n d tor > ir*- tilialton. 

Piaqim assay, t it,, asoe, was per formcsi as rav\ roosts ,.ls sei iocs! ( 2 2 t vci I ir some 
modiiicattons. One hi-sUred or Iti fluorescence Icousdnrmine ■anils (ft t s} e: 
each -.iris in W.t mi or i-cl-A-li growth medium were iiiociit.tleci orr confluent 
monolayers- of MARC- US prepared hi saw. II piaiss. I ho cells were incubated 
loi I h rri ?.: ( and lira inoculum was, replaces! wilh overlay mesiium (RPM1 
greveth medium containing 0sVs- of agar ;. i ho certs were further incubated for 
up to 4 days at 3? < until plaques scene death onsets cd. The overlay medium wis 
ivmeaed from cash wall of ilia piaiss .rrist oo if meaoiaccis wcic stained for .ttl 
roin with 0.2V. oo, n , Inllr Htu V sis t i m (Bio-Rad, Her- 
sules, CA), whk h " as pis-pared in iho mixed sotuhon of abs- rhne acetic acid and 
50' mcth i alio of ! "a i ,.i , ih ! iu .! i. . .t»t"!..i produced 

i eat: , a us ,»,!, ,aaii in d h\ a> erasure is si/os of the tlucc ' i !! di Inn ! 

-it c u I ssi s \ | I s ii t in r n in r i i is SCI 

big-si/ed plaque, and one ona-ler than 2 in diameter was considered as a 

smaii sized plaque. A pfaqus tislvvaen .: and J mm in simulator was retarded as 
rr medium-si/cd plaque. I he assas vsas repealed at Icasl lines- iauos for ail viruses 

VN assay. A ii( 1 i i m a i was r out as it > t 

described (30) with some irroctriicalirins io asssss the sustepitbtit'P of lieid 
PRRSV isoiaies ro iho neulinib-ing activity til arriisoia pioduced in pigs against 
the VR2332 and JAI42 strains. The aniistra had VN tilers of 1:64 and 1:32 
against the homologous \ iras respectively. Sera collected from PRRSV-na'ive 
age-matched pis - ssrsct! as a negative control A pair ol am: I'Rt-oSV antibody 



diluted twofold in 100 pj of RPMI £ 
me of each vims at a rate of 100 Ft 
i incubated tor 1 h at 37°C. Each m 
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FIG. 1. Different growth characteristics of wild-type PRRSVs (VR2332, JA142) and their cell-attenuated vaccine viruses (MLV, ATP) in 
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kit (Qiagen). The reaction conditions were SOT tor : 
15 rain followed by .30 cycles of ftST foi 30 s, SO C ■„ 
final extension was conducted at 72 C for 10 mill. 
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RESULTS 

Phenotypic characteristic of wild-type arid vaccine viruses in 
MARC-145, The vaccine strains (MLV and ATP) grew more 
efficiently than She wild-type parental viruses (VR2332 and 
JA142) in MARC-145 cells (Fig. 1A). The progeny virus liters 
of all four viruses were similar up !o 12 h a Her inoculation. 
After 3.2 h p.L, MLV and ATP started to replicate much faster 
!han : Sn m vu <1 * x li sh i >• as || vk.iv \ i 

produced a higher titer of progeny viruses. At 48 h pi., the 
progeny virus titer from ceils inoculated with the vaccine vi- 
ruses reached (.0*° E'CID 5O /0.! Hi!, -whereas the progeny virus 
tiler ir"tu ^JR navel it i i v w d i -> e t i s i i 
was approximately W J -' TCl.D, 0 O.i mi {P < 0,001). 

Similar results were observed in the one-step growth curve 
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The different growth characteristics of the vaccine viruses 
and their wild-type parentai strains yielded the production of 
differently sized plaques in MARC-145 cells (Fig. 2). The vac- 
cine strains, i.e., MLV and ATP (fig. 2A), produced larger 
plaques (diametei 4 \ a hilt « field 

s (Mg. ?.B g t ied / al qu< s d nnctcr, 
between 2 and 3 nini on average i. in contrast, the parental 
viruses, i.e., JA142 (Fig. 2C) and VR2332 (Fig, 2D), produced 
much srna lie 1 u; oh mi on avei iy e ) wilhin the 
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Stability of the c 
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during 24 h p.i., forming a linear growth curve overall, whereas 
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diiced small-sized plaques. 



\ and B) Viruses collected ! 
the number of pig passages 



smaller than those by I lie ( O-0'i after two or three pig passages 
(Fig. 3). After the third (Fig. 3, lines A and B) or fourth (Fig. 
3, hue (') passage, all recovered progeny viruses produced 
plaques with diameters of less than 2 mm. Once the plaque size 
became small, the viruses recovered from subsequent pig pas- 
sages produced Ibc same small -sized plaques until the tcrmi- 



During s 



I pla 



:al , 



; pa 



te VR2332 
ced by the 
. However, 



motype (i.e., 
relatively sta- 



smaller-sized plaques of wild-type PRRSVs 
hie during ceil passages. 

Genetic, antigenic, and phenotypic characteristics of 
CRRSV field isolates, bighiwlbiee field isobfcswcrc assayed for 
their susceptibilities to antisera raised ngainsi VR2332 or JA142. 
I h dis- „ i, Ik , I. ii, dne >. ii i Io is i a. Yk?^ 3? and 
JA142 was assessed based on the ORF5 sequence. Six genotypic 



I. I'w 



TP) 



1 V 4 1 \!K , c 
f MARC-145 cells by H of the 25 
9 of the 10 JA142/ATP-iike viruses 
< 0.05) by VR2332 or JA142 anti- 
s than fourfold decrease in tire sus- 



ceptibility of tested vims to antisera compared to that of the 
control viruses, VK2332 orJAI42). In contrast, Ibc inlec! ivitics of 
the remaining 48 viruses to MARC-145 were not significantly 
affected by the VR2332 or JA142 antiserum. 

Thirteen of the 17 VR2332/MLV-like viruses and all 9 
.IAI42 a\ Ff J - like- viruses produced medium-sized (2- to 3-mm) 
to big-sized ( 3-mm) plaques, which were similar io those 
produced by the MI.V and ATP slrmns. Therefore, these 22 



ad 



JAI42/ATP 



itil! 



sized plaques) \l!bl field i oiate except one produced small 
sized plaques (<2 uim ), similar io those produced by VR2332 
and JA142. Interestingly, the one virus designated 2M11715 
was not closely relaied io either VH2332 or JA142 (90.9% or 
90% ORF5 nucleotide homology to each virus) and produced 
medium-sized plaques (2.5 mm). 

Relationship between phenotypie and genetic similarities of 
field isolates. As shown in Fig. 4 and 5, the genetic proximity 
of the (V s , , q , , (S VR2332 o'i 



n pa 



:aliy clo> 



were closely related to VR2332 (95 to 
duced small-sized plaques (<2 mm ). F 
11 VR2332/MLV-like viruses had the 
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13987-00 
63091-00 
Cluster S (IS •strains} 
Cluster 6 (6 strains) 



0,02 

FIG. 4. PhylojMi m ujai-ardnp ■ - PRRs\ r I is UK s-.u-K nnis(.s(MJ \ \ ff , i J then onn) ro. (\ R.lr-i", f VJ4 , i 

b s. x i d i i ill. J . t id t , is i it*. ,i il i I II ll'>\^*:oi SsN: 

i! ! i ii -i i e symbol + indic.ucs Vf.Vs, which produced medium- to hig-si/cd plaques, II reliability of analysis was s i i ^d by- 1,000- 
limcs-rcpcuiod SwBiraps. 



I both VR233 ^ ^ s x viruses (98.5 

to 99.5% homology to both viruses} produced medium- or 
big-si/ed plaques, \» Lercu* k icnvuntiv^ i:W i ises (95% to 
99% homology to both viruses) produced small-sized plaques. 
In additio wo vin i v genelicaHj closer to 

VR23.32 (98 and -iVf b.-m->l.^, ursi-Mrth.. pi.»iuccJ me- 
dium- or big-sized plaques. 



In contrast, the -cmo. p\nh % it iKJ ^ .Rim \ti 
sequence of the viruses to JA142 or ATP appeared to have a 
bette; c-md.iirui 'viii piic«»i\p» Out khumjcs. Se\en vj- 

duced a medium- or big-sized plaque, and one virus closely 
related to JA142 (97% homology) produced a small-sized 
plaque. Nonetheless, two viruses genetically closer to JA142 
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SvlLV 



VR2332 



AT? 



AA s«t}uerw« proximity {%} 

i K;. .< I 'he relationship in s -.| 1.3m si/A and <cqut new proximin ofbchvu n ^ field isolates defined a« \ i \ - asu! Hn vuicitx si rains (Ml \ ami 
\ i P i i ! i pt- ;■• i i \ !<2 1 ^ J \ \ i ' 1 i s I " l i n 1 1. /c i di I i a i i'i I 

n-sized [ i j i, t^ I ^ . I v i o> i i I u I I ! ih 



;. A A, r 



u acid. 



ba.scd on ORio amino acid sequence (98% homology) pro- 
duced a big-si/cd plLicjinj. indicating that ORF5 sequence ho- 
mology may not be aide i.o differentiate VI. .Vs from wild-type 
viruses. 

Genetic markers for PRRSVs with vaccine virus-like pheno- 
typc. "iiy comparing sequence- oi' OR] '2 (o -7 among vaccine 



viruses, VLVs, 
were identified 



id vs 



tniqu< 



U ids 



Ml. 



i A IT 



0 (F 



it 80 ; S f -°) in ORF5, and cystein 



ORF2a 
rose from the same 
. in ORF5, and giu- 
I only in the MLV. 
>5 ( Y 165 ) in ORF3, 
it 62 (C 62 ) in ORF6 



were found only in the A' IV. Among these unique sequences, 
F 10 in ORF2a and E 85 and Y 16< in ORF3 were the most stable 
and consistent sequence elements for EvtLV-iike and ATP-like 
PRRS\ s. _ ^c \ \ - ti s S iii ujvHt . .del Ui. o 
only in the vaccine viruses and VLVs thai produced medium- 
to big-sized plaques anions I he S3 field isolates examined (Ta- 
ble 2). 



abiii 



.y of unique s 



ml sequences <>■ vaccine 
inimals and MARC-145. 



iges in the pigs ( lines 
itill observed in ORF2 
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TABLE 1. Uniqu 



Piaqea M.-^ ■ o is iln, mom 



:s for MLV-like v 



s ldlia i I >l 11 



ORF2a (10) 






L 




S 


Big to medium (MLV-like) 
Small i VR2332-like) 


13 


2 
11 


11 


1 




Small (others)* 


58 






33 


ORF2b (9) 






D 


Y 


N or II 


Big to medium (MLV-like) 


13 


2 


7 


4(H) 




Small ( V R2332-like) 




11 




■ (N) 




Small (others)'* 


58 


50 




S(N) 


ORF5 (151) 


Big to medium (MLV-like) 


13 


R 

~10 


G 
3 


K, i, or N 




Small i > R2332-like) 




11 




1 (I) 




Small (oilic-s)" 


58 








ORF6 (16) 






Q 


E 






Big to medium (MLV-like) 


13 




7 






Small (VR2332-iike) 


12 


12 








Small (others)'* 


58 


58 







'• Big to medium i bigger than or ciptal io mm in a eiei aid mall; >m»iier th.m 2 mm in Jianscte; (plaque 

'- The unique svmiemv; kumi onK in MI.V am in boldface. 

"'Om isolate (2M! [715) not el i u, ' 5.5 \l >rot in m « i am u al (his roup 



I < s< qui in ! i ^ i i_ i _s j a ll ,hp: tlnd 

! " ! in OK I '2a may be stable during in vivo passages of the 
MLV strain. The Y 9 in ORF2b was, on the other hand, 
changed into histamine (IT) instead of D after three passages, 
which remained unchanged until the end of 13 pig passages. 
The I f in ORF2b was found in field isolates which produced 
a medium- to big-sized plaque (Table I) and thus was consid- 
ered to be a marker amino acid alternative to Y 9 . 

Similarly, the amino acid sequence E 16 in ORF6 was substi- 
tuted with glutamine (Q) after three passages in the pigs. In 
line C, however, the E 16 was substituted wish G instead of Q, 
which remained wilhout any further alteration until the com- 
pletion of 13 pig-to-pig passages Therefore, G 1 * in ORF6 
would be an ialermediaU form benvtea I and Q, similar l Si" 



in ORl'eb. even though such an amino acid was nol found in 
ORF6 of any of the Held isolates examined in this study. In 
contrast, the amino acid sequence G 1S1 in ORF5 quickly re- 
verted to that of the parental virus, i.e., arginme (R), after the 



i pa 



f the 



the pigs. 



tuque 1 



s of VH 
s had ti 



.- JA14: 



. All 



VR2332 or JA142 at the determined sites during the passages, 
suggesting that ovei 2d passages might be required to have 
vaccine -specific sequences at the identified positions. 

Biological role of the identified genetic markers. The iden- 
tified MLV genetic markers were incorporated itilo the 





TABLE 2. Unique am 


no acid sequences 


for ATP-iike viru 






OEF 


Plaque iize''' (classification) 


No. of 






acid al Olii' position 


(aa a no.) 




JAM?. 






ORF3 (85) 
ORF3 (165) 


Big to medium (ATP-like) 
Small (JA142-li.ke) 

Big to medium (ATP-like) 


9 
1 

74 

9 


D 
1 

74 
F 


E c 
9 

Y 
9 


L 


ORF5 (80) 


Big to medium (ATP-like) 


1 

74 

9 


1 

71 
G 
2 


S 
7 


3 


ORF6 (62) 


Big to medium (ATP-like) 

'1 , ■ m-tMik. I 
Small (others f 


1 
74 

9 
1 
74 


1 

74 
F 
2 
1 

74 


C 
7 





Bi* to medium ss bigger than or equal to 2 mm in diameter and small is smaller than 2 mm in diameter (plaque sr?ei. 
T i \ i t 'ound oni> in ATP aie m boldface. 

One te (2M11715 3 useiy related eitliei VK 2 it 2 ) in ilea mu si^j y. 1 uaea 
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TABLE 


3. List of mutants 


and their mutation profiles 


Category 


■same of mutant 


Target ORF( s) 


Mutation 


Singie-sitt mutation 


P2L10F 


ORF2a and -2b 


i ! i i i | Si:j.« Y mutation 






at position 9 of ORF2b 




P5R151G 


ORF5 


R ( Cl i ] i 1 K i ■> ! X 




P6Q16E 


ORF6 


Q-t'.-t mutation at p., u 16 of uRSn 


Multiple-site i • 1 1 : i a ■ n > i ■ 


P25 


ORF2 and -5 


v. v mi i i : 0! i 1 ' < s v 


P26 


ORF2 and -6 


Combination of P2L10F and P6016S 




P56 


ORF5 and -6 


Combination of P5R151G and P6Q16E 




P256 


ORF2, -5, and -6 


■' omNn.rtM- ■ ,1 P.'! to! . I'-i'inf. and P6QI6E 



MA 



VIC 



CI v 



oft 



clone, fhc dice! oi those tdcntdted sciences on the replica- 
tion of the virus in MARC-145 cells was. however, accumula- 
tive. The growth of mutants with single-site changes (i.e., 
P2L1UF, P5Ri5IG. and PbCiGiC was not significant!) en- 
hanced compared to that of VR2332E (P = 0.07). In contrast, 
mutants with changes in two sites (i.e., P25, P26, and P56) grew 
significantly belter I hut did singie-sile-chaugcd mutants (/' = 
0.0 1) and VR2332R (P == 0.002). Likewise, P256, i.e., a mutant 
with changes in three sites, grew significant!} better than the 



row lb v 
A sin; 



! less ;. 



tba 



!' MI V. 



-■ O.00S), although ifs 



plaques produced by the mutants bees trie (agger and bigger 
when more of the identified genetic markers for MLV were 
incorporated im.o the VR2332 i v u clone (Fig, oB). 

DISCUSSION 

A high level of genetic and antigenic variability that exists 
among PRRSVs is well documented. Therefore, genetic anal- 
ysis tools such as sequencing and restriction, fragment length 
polymorphism have been utilized to aid in better decision 
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making on the introduction of a new strain into the farm, the 
use of pig flow as a preventive measure, and intervention (i.e., 

nately, it has been common to detect field isolates which are 
^ k v I * 's 1 , li i * e e \ irus and its 

wild-type parcmal i lv.se 1 vaccine t t ■■ arc genet- 
ically verj lose 1 ir parei I strains here is i I 
I'd, difference Hi the •-icriirciiee ol' ORF5, which is one of the 
most variable genes of FRRSV. between MLV and VR2332 or 
betweei AIT srid JA142 n x i \ i i i I 

length q ie ice from 1 _ _ by only I nucleotides (31). 
Considering that ail eomrncrei a V\i.]l> wrx-mes are modified 
live virus products without any market, it is reasonable to 
expect thai in m\ it h is< .it iu s m n .! isolates may 
have been derived from the vaccine strains, since the vaccine 
virus is known to spread to unvautiiKried a;mnais and PRRSV 
is known to be continuously mntnted during in vivo replication 
(26). However, the possibility that the parental strain of the 
vaccine virus, such as VR2332 or JA142, has been circulating in 
the pig population stilt exists. At present, no convenient way to 
reliably discriminate the vaccine viruses from their wild-type 
parental viruses is available. 

in the present study, the \ tccinc viruse demon n lied highh 
efficient growth in the cell line MARC-145 (monkey kidney cell 
line), resulting in plaques oi size- >m tK biggei than 
those seen for their wild- type parental strains. As the vaccine 
viruses are known to be attenuated through sequential pas- 
sages in the cell line, the observed I t^ characteristic (i.e., 
better growth in the cells) was an expected outcome. It. was 
interesting that such a difference of viral growth in MARC-145 
was also observed for some of the field isolates, which provided 
the basis for identifying viruses derived front the vaccine 
strains in conjunction with scene nee analysis, the plaque assay 
in combination with sequencing of ORR5 can be a very pow- 
erful tool for detecting VI.. Vs, since it utilizes both genofypic 
and phenotypic characteristics of the virus. Several difficulties 
would he expected if the plaque assay atone is used for the 
purpose of virus liilet i t n-\i 1 n>l i issay requires 

virus isolates, which is not always easy to get from clinical 
cases. Second, held isolates which are genetically as different 
fi'ou \U \ i- \ H p i n u 1 . it \ t u 

can produce a medium-sized plaque, as demonstrated in this 
study. Third, the phenotype of VLV can revert to that of a 
wild-type when the virus passed through animals, as evident In 
the present study (3 tig. .Vj. These foreseeable difficulties neces- 
si ne fivei i il i i i m ^ i 

ison, so that the plaque assay can be performed on viruses 
which aie uuhstmgm h dd, o, m both v.jeunc and paginal 
strains by gene sequencing (e.g., OKI 's), 

it was somewhat unexpected that a vacctiie-iike plaque phe- 
notype of the virus (CC-OI) completely reverted to the wild- 
type plaque phenotype ( i.e., small-sized plaque) aftei three or 
four sequential passages in the pigs. Such faster reversion is 
bekvee! o nli i. ie f.ic O h. virus was not 
highly attenuated in cell culture like MLV vaccine viruses and 
was passed in pigs via an unnatural process (i.e., intramuscular 

il:|C\i!.ni oi i]so:e in .niogen.Ue Ce.nt'Jimng the Virus | ('.I. v'-je- 

cine viruses neither replicate well in pigs nor produce high 
levels of" vi re una a tier vaccination ( 1" !. Mso, low levels of virus 
are detected from semen and respirator} tracts after vaccina- 



tion compared to what is seen for wild-type viruses (5, 26). 
Therefore, the reversion of the vaccine phenotype to the wild- 
type phenotype dm me nat ural processes is expected to be 
slower than .\h.u was ..bserved in i he present study, since the 
eelne •> s likely needs msid i me to be idapted to 
the host and e\ d" a n> ]..Ui.i," t k w level of rep- 
ion rathe ) spread mgh n y pigs is si m 
time. 

i i > i . s t i . > i is th i icntiii- 

cation of amino acid sequences in ORF2, -3, -5, and -6, which 
were unique for the vaccme viruses or VLVs among the field 

ICS ^ v I'm e I U d I c d tilt II slgml 

II 1 e I I le 1 ie 1 1 l| \ S I > '1 sll 1 II it 

i , n vt ^ in e i i I 1 1/( d i- s jrogate genetic. 

these surrogate markers for the vaccine viruses or VLVs 
should make it possible to determine genetic and phenolypic 
traits of a vims simply by gene sequencing without performing 
the laborious plaque assay. Among the sequence elements, 
G' r i in ORF5 and E 16 in ORF6 have been suggested as cell 
attenuation markers (21), implying that some or all of the 
identified markers could be related to PRRSV virulence. This 
pustulate cou id be substantiated by the presence of VK2332 
sequences at all of these identified sites in MLV-like viruses 
isolated from Danish pigs, which caused severe PRRS out- 
breaks after vaccination (16). Hence, the identified surrogate 
genetic markers also would provide a quick way to monitor the 
reversion of the vaccine virus to a wild type. Nonetheless, the 
role of nonstructural genes and their products in the virulence 
of PRRSV remains to be further studied. 
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A full-length cDNA clone of the prototypical North Americans porcine reproductive and respiratory syndrome 
virus (PRRSV) isolate VR-2332 was assembled in the plasmid vector pOK 12 . To rescue infectious virus, capped 
RNA was transcribed in vitro from the pOK f , clone and transfected into BHK-21C ceils. The supernatant from 
transfected monolayers were serially passaged on Marc-145 cells and porcine pulmonary alveolar macro- 
phages. Infectious PRRSV was I t 
the cloned virus exhibited the same cell tropism as the parental \ R-2332 strain, i lowever, the cloned virus was 
clearly distinguishable from the parental VR-2332 strain by an engineered marker, a Sist'IAU restriction site. 
The full-length cDNA clone iiad 1 1 nucleotide changes, 2 of which alfeeted coding, compared to the parental 
VR-2332 strain. Additionally, the transcribed RNA bad an extra G at the 5' end. To examine whether these 
changes influenced viral replication, we examined the growth kinetics of the cloned virus in vitro. In Marc-145 
cells, the growth kinetics of the cloned virus reflected those of the parental isolate, even though the titers of the 
cloned virus were consistently slightly tower. In experimentally infected 5.5-week-old pigs, the clotted virus 
produced blue discoloration of the ears, a classical clinical symptom of PRRSV, Also, the seroconversion 
kinetics of pigs infected with the cloned virus and VR-2332 were very similar. Hence, virus derived from the 
full-length cDNA clone appeared to recapitulate the biological properties of the highly virulent parental 
VR-2332 strain. This is the first report of an infectious cDNA clone based on American-type PRRSV. The 
availability «>f this cDNA clone will allow examination of the molecular mechanisms behind PRRSV virulence 
and attenuation, which might in turn allow the production of second-generation, genetically engineered PRRSV 
vaccines. 



Porcine reproductive and respiratory syndrome is consid- 
ered one of the most economically important infectious dis- 
eases of swine (1, 15). The disease is associated with severe 
reproductive disorders m sow; and gills and respiratory prob- 
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The PRRSV genome cons 
enyiated single-stranded post 
to h ikh lit i d i i.tl is ]t i.i 
a 5' leader, at least nine open reading frames (ORF la, ORF 
lb, and ORFs 2 to 7), and a 3' no ttranslate gion (14, 23, 32, 
39). ORF la and ORF lb are located directly downstream of 
the 5' leader and encode i larg.e rcplieasc polyprotein, which is 



thought to Dc i e- i i l> , ^idniio i 3 smaller non- 

structural proteins assumed to be involved in virus replication 
and transcription (4, 35, 38). ORFs 2 to 7 encode the structural 
proteins associated with the virion. These proteins are ex- 
pressed from a o'-coierminai nested set of subgenomic 
tnRNAs (23, 24, 32). 

PRRSV emerged almost simultaneously in North America 
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TABLE 1, Summary of oligonucleotides used for RT-PCR amplification 



F20 

R229 
I'racmcni e primers 

RT4890 

F251 

R4774 
Fragment f primers 

RT7924 

F4333 

R782I 
(•'ragmen! ct primer--; 

RT13019 

F7406 

R12887 
Fragment c tisiriicrs 

RTI5327 

F12513 

R15278 

i' terminus (fragment a) primers 
RIT5392 ' 



5' TGC GAT TGG A3' 

- ( u t , \(. ,.(,( r,^, ( ( , (OK/ck j .^isIiiU r,l.\ 

1 V, (.-■■-, : !<■ f>< t ■ iXL<A,Ascl) 
5' CGI GTG C AGTAT AO iXKi OCX' J" 3 B / i 1) 

5' AAG GCT TGG A 3' 

5' GGA GOG CCA ACi I Al \ CTG CAC ACG A 3' {Bst'LlTl) 
5' GTG TCA GGG TCA ACX' V. G A 3' 

5' TGC ATC AGC A 3' 

5' ATC TTG GCT GGA GCT TAG GT 3' 

5' TGG TTG TGC TCA ACC GCG T 3' 

5' AGC TGA AGO A 3' 

5' TCI CAG AGT TGG CGA CCC T 3' 

5' ATC CTG CAC CAA AGA GAC CT 3' 

5' AAT TGA ATA GOT 3' 

5' TIT CAG C AT CIA GCC GCC A X 

5' AAT CAG TGC CGT TAA CCA CAC ATT CTT CCA 3' (Hpal) 

5' CAG GAA ACA GCT ATG AC A CCT CAT 1( . V , \ y \ ( (.1 1,1) 3 
(XbaX, Ad\) 

y AGA a IX, iXir GG 1' TAA CGG CA 3' (llpai) 
y CAG GAA ACA GCT ATG AC 3' 



4\H;09I9 

247-271 
4794-48.12 

7944-7953 
4334-4353 
7341-7859 

13039-13048 
7408-7426 
12907-13026 

15347-15358 
12515-12533 
15298-15327 



15302-15321 
M13 sequence 
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' The nucleotide r .-*hions wilhm the VP.-2.3e> genome are ivisoj «n '■ ienBank accession numbers fRCS"W2 AI-(KM47.« (2c., 30) 



highly relevant l.o obtain infectious cDNA clones representing 
both genetic types of PRRSV. 

The present article describes the: establishment of an mice- 
tious full-length cDNA clone of the North .American-type iso- 
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ical North Ass ! i si el e i ict i/ed,andhas 

been shown to be highly virulent for sows and piglets (5, 10, 
13). In addition, VR -2332 Conns the basis of an attenuated live 
vaccine (3, 22), the complete genome sequences of both VR- 
2332 and the vaccine virus have been published (3, 26, 41), and 
both VR-2332 and the vaccine virus are freely available. Given 
(he availabtliis t n i k v e-jiieie it 
and VR-2332 strains, the infectious clone of VR-2332 should 
be immediately applicable for the identification of genetic at- 
(ciiuaiiou and vimlcncc delernsiiwirus In ihe PRRSV genome, 
with a view to ihe development of second-generation, genet;- 
ly eng l ■ v cc i ls 



icrcforc. ISliK 2! 



RNA extraction and RT-W k. vied kNA w.is isolated hy binding So silica 
particles in guanidinc thiocyanatc as pic-cioi.e.ly deser ihed (28, 29) and used 
immtoJialciy for cD.V\ synthesis. 

cDNA synthesis was performed will; SupciSciipf Ii n-vcisr- inmsct ipl.tsc (KT) 
(Invitiogcn .VS. laaslrup. IX ninar!: I and pecific k i pi inters ( ; aP!e I). A tola! 
I iiacmcms. i she complete VR-2332 genome (ii>o small fragments 

i. p.L t nunc iht ' a ad it n in i I, an iaigc lia-mt nl >i .11 ■ ill inlcrnai 

pari of ilic genome). «crc :,uhse<|tii;ntl> If it ampiilicci with i-'juTurbc UNA 
nolvmerasc .-iccoiding to lire niaiirifacltircr s protocol (Stiataacne. Aarlius, Den 
11 t dilions were '34 C tot mm tin it » a s oi > ( 01 

20 s SS C lor oO s. and "2 c tor f, mm. foiiov.cd h> 23 cycles of "2. f ' tor 2.0 s. SseC 



C for 



MATERIALS AMD METHODS 

ic virus traoi in the present study v.-.is a mird cell ct 



1 was I by t k yyitit Mi.! 1 - I iti v 1 

primers (Table 1, fragment a). The F15301 primer contained 
t nucleotides 15314 and 15318, introducing art Hpal site at the 
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CTCGAG GGCGCGCC TAATACGACTCACTATAGG^| 





FIG. 1. Multistep strategy used to at <eml «i. ltiSI4 ngtb cDNA clone of VR-2332. In the lop cartoon, the organization of the viral genome is 
shown, as arc the positions »,l the unique restrict ion sites used fur cloning purposes. The numbers la, lb, and 2 through 7 indicate the PRRSV 
open ii ill i i i i e i i c he i i le id in 1 I nl i Iri'tkl n 

sites and a 17 KNA pioinn'ic; vvvtc fused u> tin: M)r.mi-. f'lv astciisk indicates die transcription start sile of i 7 UNA polymerase, resulting in 
the sequence s in < • s ■> . I >> I \ I OA COT ATA OGT. . .3' as the predicted 5' terminus of RNA transcribed in vitro with the 

!"<' nifviessage Machine k:i Downstream oi die V rioeiiarisisisd legion, a pnlyfAi taii of iH A's and die resit iciion sii.es . Ii if and Afvi were 
inserted. 1 1 complete v ira! i ie wni Oh kk-J i \ iVagmena i i H\ i i i restriction sites, ic nesented by the horizontal lines labeled 
i through ic ic-nglh i di Ik i I i / it I u u i ukotK vs I nintiieb l it n 

these 1 1 I II !li V e I <. I J i i c ] k : I!! " ■ ■ ' OA: t d : : ii„ a : : . . - i ;, . I I l in e I 1 e I 11 I pi >k, 

« p pu v ^ i i c . i i ii i ik i il i i i i hv \i 1 nil \' i sihs 
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Inoculation in pigs. Twefvc 5,S-.seeleo!d pigs iron; a spccifio-palhogen-free 
and i'ki >k -\ i , i i I liisi Us . i i 

loo: anini . hp . I i i . . . . . j i 

m mi ( 1 "I h . i . ills v > s : ;C '115,,.! ! i i i 

(foiiiih passage ( »n Mars-H.s cells) pc; mi lite mhwU gnmp ri.vcr.vd Kf ' 

K115 (111 IK 1 II il 11 s vill 

fii-i' ml, anil jfe,- i::i;d group oas mod. kmm tiiaH-U »ith 1 Ml M- ASS the aaSmaP 
ifKwii I ml of in.sii.iiy." in each nostril. I he animals vvn kept m -.eparale 

IWIIIIS ill! |. I ' I 1 11 !i,l .! a, ill, ' lain.,: I > I si si 

111. i. nl ampli ■ ii, oiii.ao ,,, Jaa 0 " t I I p. mil. omanilli !• .1 i n 

I I ,V ki > s i 111 ill a in n .is. a 1 

the immtmopcroxidase monolayer assa\ to. 33;. .'\tt pigs ivrn eiil»ani/cd on d,i> 
21 postinfection. 

Nucleotide seqa i .i im» . number, i'hi i kti . ss., 

the infectious. Ion Icagih ,-ONA clone ol VR-233 2 desciibed in this report iitas 
Ixi.n •j..p..sit'.i! a. < ...■■! .oil! aoi iinnbii \Yla056-i. 



1075 C 

5520 C 

5611 T 

6854 G 

6967 T 

7555 T 

10644 T 

13788 T 

15314 G 

15318 T 

"Nude ide x> th v'R 532 genome i 

accession numbers AFO'54475 and PRU873V2 {26,30). 

A\!ie,' tiaai a.ssembh m pOK , the inicciiou-.. clone ( 10.- 
h> Aool and ;&i shes in pOK,/ ; ig. I) oos s.ccpcncc 
i i hi r AYiSOS pence was ci mp i 

sequence ot pivoionsi. ;ait.jis!:ed fiiil-lt-agth sepoea.es of 
fates (GenBank accession numbers PRU87392. AF0661S3, , 
and a! isyoio, (2,3,2o.3N,at;. In total. II nucleoside uiSter 
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the pathogenic North AmericE 
bled from overlapping PGR fr 
striction sites (Fig. 1). In order I 

mutations, the amplifications were performed with a proof- 
reading thermostable DNA polymerase (12). Nevertheless, 
even a prootn J g x h n. ■ ' . > cted to intro- 
duce mutations in a target of this size (Pig. 1; the North 
American-type PRRSY genome is 15.4 kb long). Therefore, to 
minimize PGR artifacts 1 , the individual PGR ' fragments (la- 
beled a through f in Fig. !) were verified bv 
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(complete l.5.44:b construe! Hanked by Xhoi arid Xbal sites in 
pOK 12 , as shown in Fig. i) was DNA sequenced. 

In total, 11 nucleotide differences were identified (Table 
2) when the DNA - c J >NA clone 

was compared to previously published fuil-lcngth sequences 
of North American isolates ((ienlJank accession numbers 
AF046869, AF066183, AF 159149, AF176348, and PRU87392) 
(2, 3, 26, 38, 41). Three of these differences were silent 
mutations It 3p»c - i 1 i .a i cH i ' generate the 
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ed full-length cDNA do 
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MRU -C. Supernatant! 
>btained 24 h posttransfection were 
on Marc-145 cells. Positive stain- 
n was detected in Marc-145 cells 
inoculated with supcniatiiul Irom passage 1 {Fig- 2). As uu- 
cleecapsid production is u hue event in PRRSV replication and 
requires the production ol suhgenotnic in RNA, nucleocapsid 
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(Fig. 2). 
ra! RN A 



from the VR-2332 isolate. However, no obvious cytopathic 
effect was detected earlier than passage 3 after transfection 
he in > rnse eei IN V This ,bse ^ tioi deviated 
from the results obtained when BHK-2 1C cells were trans- 
fected with viral RNA from the parental VR-2332 stiain. In 
this case, cytopathic effect was observed as early as passage 1 
on Marc-145 ceils, 

111* the supernatant n the I r tl M ie U ceil pas- 
sag c, s p. s- gs t i lis . 11 if \Ai f . s p i Imucleof ip.sid 
staining In i he :n':niuro>pc|-. ishiase pi, donaU i ossa. eOliiil ilied 

presence i virus reph u PI \N I s . i< s. s indi 

, Ho,j 1 1 U lie . ed i 5 . I I 'i e icpheate Kl 

only :n Mare- 145 ceils but also ut PPAM, as observed for the 
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FIG. 3. Differei i cc;i dva rental VR 2^2 

strain. A Bs:7A~\ restriction site was introduced in the fuU-iength 

cDNAcioiic.il \ \> 2«2lo .|!o« ri. ' i i." i: 1 con cloned virus 

(tagged with the / / ! m d| i a BstTAll site) 

v % <i " ! > >.t ! C i e t 1 s. s. 1 d 

vims or the parent;!: \ R oLdc ami a 993 bp fragment was 

amplified by RT-PCR a- described in Materials and Methods. The 

lliplk 1 \U ^ ( ' , I ! i ai 3 £3 IT* 

gel. The presence l/Nv/.ITi n> c * Iku ) i 1 ^ 

762 bp and 228 bp. As expected, the rc:,:nc:ioi! site was found in the 
cloned vims hip not in the parental V 11-2332 irns isolate. 



(second passage on Marc-145 cells) for the presence of a 
BstZm restriction site. As expected, the RT-PCR fragment 
derived from the cloned virus was cleaved by BstZAll, gener- 
ating two fragments of 228 bp and 762 bp (Fig. 3). In contrast, 
the PGR fragment derived from the parental isolate was not 
cleaved by BsfZAll (Fig, 3). 

Growth kinetics. To determine the growth curve of the 
cloned vims and to compare it to the growth curve of the 
parental VR-2332 si rain, Marc-145 ceils were infected with 
each of the viruses ( out >as» e on Marc- 145 cells) at a 
multiplicity of infection of 0.002 TCID 50 /ceil. After 2 h of 
incubation, the cells were washed twice, and s i Ji vcas 
added (time 0). The virus titers of the supernatants were de- 
termined by immunoperaxidase monolayer assay on Marc-145 
ceils at 0, 3, 16, 20, 24, 48, and 72 h postinfection. 

i he growth curves lot i he i ioncd \ iros revealed a firsi peak 
o epli 1 1 it 1 1 i s e 1 a second pc 8 1; 

postinfection iFie; \). The as t i _ 1 i cune was 
ubiant. dun nenta! R ? - •? :s i i i , 4 i 
sic kinetics may represent li firsi and a second replication cycle 
of PRRSV in Marc-145 cells. Thus, the cloned virus displayed 
grow x t .it very si rail U jose o te irental VR-2332 

The titers of the parental virus were consistently slightly 
higher than the titers obtained for the cloned virus. This might 
indicate that the extra G at the 5' end (Fig. 1 ) and the other 
nude Hide e t eu led iui c - t : sec 1 we E Me 

2) aftected tin replica tio jf the cioi d vims However, the 
differences i a titer between the cloned virus and VR-2332 were 
quite small at all times. 



Inoculation in pigs. ! . . e e the j (declivity oi 

the cloned virus in vivo and to compare it to the infectiviiy of 
the parental VR-2332 isolate, we performed an inoculation 
experimen v 

isolate, we tea. : . k a s I, lanl igns. Addilion- 

] kirviies v.vi^. no hto ed. 

Vd.K itv m! , is" ttce'eda da\9postm 

feelion in two ,.f Un;r pigs inoculated with the cloned virus 
(fig. 5). Also a! da\ 9. lour o;' nan pigs i e I ed Willi the 
parer vK 2332 solate e) )ited i blue discoloration of the 
ears (Fig. 5). ] i, discotorat ion was 1 1 it I i tut > approx- 
imately 6 days. Ail four pigs in the VR-2332 group exhibited 
inappetence and uppeutcd lethargic on days ?, 8, and 9 postin- 
fection. Furthermore, two of four pigs in the VR-2332 group 
exhibited lameness from day 10 postinfection. Postmortem re- 
sults revealed hemopurulent infection of the knee joint in one 
pig and the elbow joint in the oilier. These findings indicated 
that the lameness was most likely caused by a bacterial infec- 
tion, itr agre-emeui with the known predisposition ol PRRSV- 
infected animals to secondary bacteiia! infections. Both these 
pigs appeared 1 i lghoul ihe experinn Ik four 

' I v control is n irtc 1 < ' m s had 'rood appetites, 
and did not at any time show clinical signs of disease. 

All pigs were seronegative prior to infection (day 0). In the 
group infected with the cloned virus, three of lour pigs had 
seroconverted on day 7 postinfection and four of four pigs on 
day 14 postinfection (Table 3). In the VR-2332-infected group, 
all four pigs had seroconverted on day 7 postinfection (Table 
3). PRRSV-specilic antibodies were not detected in pigs from 
the negative control group (Table 3). 

DISCUSSION 

In the current work, we established an infectious cDNA 
clone of the highly virulent, prototypical North American 
PRRSV isolate VR-2332 (5, 50, 13). While the construction of 
infectious viral clones is becoming commonplace, the technical 
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48, and 72 h postinfection, samples of tra \r t "s t iken, an< 
virus tilers were determined as described in Materials and Methods. 
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TABLE 3. Detection of PRRSV-specific antibodies in 
experimentally infected pigs" 



S.io,, : 1011 I ! t SA/IPMA result) 

Infection *'jf on day postinfection: 
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challenge involved in cloning ihc genomes of mammalian vi- 
ruses in bacterial plasmids remains significant (7, 18, 19, 40). In 
particular, it is impossible to predict in advance how stable a 
given infectious clone will be during propagation in E. coli. 
Plasmid toxicity is not completely understood but may result 
from vector -specific as well as insert-specific causes (7, 18, 19, 
40). Thus, a key parameter in infectious clone construction is 
the plasmid backbone. We used the low-copy pOK l2 plasmid 
(37), which has been used picviousiy for the assembly of an 
infectious clone of European- type PRRSV (25), and found 
that pOK 12 also provided an appropriate backbone for an 
infectious clime o! American-type PRRSV Given lbs rela- 
tively large level of gene! tc differences between European-type 
and American-type PRRSV (2, 21, 26), we consider this a 
nontrivia! technic:: 1 achicveuicni which paws the way for fur- 
ther infectious clones of Noilh American-type as well as Eu- 
ropean-type PRRSV. for example, based on isolates differing 
in virulence. 

The main design feature of our infectious clone is the divi- 
sion of the viral genome into six cassettes flanked by unique 
restriction sites, making future manipulation of the cloned 
virus very easy (Pig, I cassettes labeled a through f). further- 
more, the clone was completely sequenced (GenBank acces- 
sion number AYi* 50-1 s Aon iuib i si 
acterized. Finally, the clone is based on a highly virulent 
PRRSV strain, which produces pronounced clinical and Ins- 

h pi 1 i „ i 1 i I gi s 1 i !v s| I -, , v jv, s p s 

itor during experimental infection of pigs. We expect that these 
features will make the infectious clone useful for the rapid 
identification of attenuation and virulence determinants in the 
PRRSV genome. 

lb rescue infc tmsvin rom the OK i2 one, lull-length 
PRRSV genomic RN'A was generated by in vitro transcription 
and transfected into BHK-21C cells. Since previous results 



indicated that a cap structure enhances the specific activity of 
transfected PRRSV genomic RNA (25), the cap analog 
ii ■(> si ii i li i s | 10 i 

By passaging supernatant from transfected BHK-21C cells on 
\i i ,- -A A , sis. of e st , mis at a reasonable titer 
i 1 U ,) , i sdi a for experinicntai infections! could 
be obtained. Idenlitlcaiien of a marker o\/i7! site introduced 
in the cDN A clone coniitmed thai ike recovered virus did not 
represent contamination by the parental VR-2332 strain. 

An infectious clone should ideullv be .genetically completely 
identical to ihc parental virus, i practice, this is dil v i 11 to 
achieve, first, the sequence for the parental virus, especially 
when dealing with RNA viruses, may be ambiguous due to the 
heterogeneity (sometimes referred lo as quasispecies slruc- 

is ii s v > 1 * ii during Rl 

PER amplification (8, 12), other mutations have to be Intro - 

difficult to reprodLe^faithfuily with the T7 RNA polymerase 
system. Thus, conic u tl mAeeu.u i e t cs of an infec- 
tious clone-derived virus and its parental strain :s important. 
We found that, compared lo the parental VR-2332 strain, the 
cloned virus exhibited the same cell tropism (replicated in 
Marc- 145 cells as well as PPAM), exhibited essentially the 
same growth kinetics in Marc-145 cells (Fig. 4), and induced 
seroconversion in experimentally infected pigs (Table 3). Most 
importantly, experimental infection will; Ike cloned virus in- 
duced a classical clinical sign of PRRSV infection, blue discol- 
oration of the ears, which was also observed following infection 
with the parental VR-2332 strain. Thus, the cloned virus was 
qualitatively very similar to the parental VR-2332 strain. How- 
cloned virus k e i ed ni i 1 i lowc iters in Marc-145 cells 
(Fig. 4). Second, the seroconversion kinetics in pigs were mar- 
ginally slower for the cloned virus (Table 3). 

The quantitative biological differences between the cloned 
virus and VR-2332 mentioned above were minor and have as 
yet not beer; confirmed in repeated experiments. Thus, the 
slightly lower titers in Marc-145 ceils (Fig. 4) migiti be due lo 
experimental variability, and differences in the virus dose used 
for the animal experiments could accouul for the marginally 
quicker seroconversion kinetics (Table 3) and more pro- 
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iron \l i ively. Il i ti e t icai differences ol 
served between the cloned virus and VR-2332 might be real 
and retted mutations and genetic defects in the cloned virus, 
which potentially include (i) i I nucleotide mutations (Table 2), 
(II) an extra 5' nonvlrai G, derived from the '17 promoter (lug. 
1 and Table 1), and pii) a relatively short poly(A) tail (Fig. I 
and Table 1). 

The II mutations in the cloned virus might potentially in- 
fluence replication. Only two of these mutations affected cod- 
ing (Table 2). Both amino acid changes are conservative (17). 
However, the function of the ORE la protein segment, where 
both these coding mutations are located, is currently unknown, 
and it cannot be in i is e vi re; cation tit 

a similar vein, nortcoding mutations might affect replication. 
For example, to obtain the fragment covering the 3' end of the 
viral genome (1 ig. I. fragment a), an Hpat restriction site was 
created by introduction of two silent mutations in the 3 Aon- 
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ORF 7, These domains, which are highly conserved among 
PRRSV isolates, may play a critical role in virus replication. 
The mutations introduced by primer F15301 (Table 1) are both 
siruaied in this V nontra d region s loop (36). Even 
though none of the mutatio i lated within the sevet 
nucleotide sequence essential fur the kissing interaction, mu- 
tations anywhere in this domain might weakt n the interaction, 
I hereby reducing viral replication, kxpcrinieiiis arc planned to 
\ titi j r whether tin mi ti .ed b< primer F15301 
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nonviral G in the infectious oDN.\ clone of I .elystad virus did 
not seem fo impair its growth (25). Furl henuorc, 5' rapid 
amplification of eDNA ends of the European-type PRRSV 
isolate 111/92 revealed a fun her extension of two nucleotides 
at 'die 5' end compared to the published I. elystad virus se- 
quence (23, 30). Thus, it is possible that there is some natural 
heterogeneity hi 1 he 5' end of the PRRSV genome without this 
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enetic differences be- 
e PRRSVs. Addition- 
ly very different, and 
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pie, an infectious clone of Lelystad 
ed to offer full protection against 
/pe PRRSV, Thus, the infectious 
RSV generated it) the present study 
/ opportunity for recombinant vac- 
cine development. Furthermore, previous studies on PRRSV 
have mainly focused on the functional role of the structural 
proteins. Regarding the nonstructural proteins, important in- 
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the related equine arteritis virus (34), may broaden the ques- 
lions that can be examined experimentally in the field of 
it' " i li i p i 
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